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PREFACE. 


This present volume (Part II.) contains the suhject-matter 
which, in our opinion, is suitable for those who, having 
mastered Part I., intend to devote at least two years more 
to the study of inorganic chemistry, while at the same time 
working at organic chemistry and other subjects, with the 
view of obtaining a university pass-degree. , 

It has been our aim throughout to present the fundamental 
principles and theories of the science, rather than a mere 
collection of facts, and thus to afford a sound basis from 
which the student may proceed to specialise in one or other 
of the branches of chemistry. 

With this purpose in view, we have devoted the earlier 
portion of Part II. to a further consideration of physical 
and chemical change, to a study of chemical equilibrium, 
the determination of molecular weight, and the ionic dis¬ 
sociation theory, in the hope that when the student sub¬ 
sequently considers the description of the elements and their 
compounds, he will do so in the light of the general principles 
to which he has been introduced. 


The rest of Part II. consists of a systematic account of the 
better-known elements, a chapter on the periodic system, and 
short references to spectrum analysis and radio-activity. In 
arranging this subject-matter we have been guided more 


particularly by our experience that the order in which the 
elements are described in a text-book should be one which 
is also suitable for the lecture-room, and that, for this reason* 
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it is inadvisable to deal with all the non-metals before 
describing some of the metals. A long, uninterrupted course 
of ftctures 6n the metals is apt to become wearisome to the 
student after the ‘ fireworks ’ which enliven a course on the 
non-metals; moreover, a knowledge of some of the compounds 
of the metals is desirable at an early stage of the second-year 
course, owing to the necessary and frequent use of these 
compounds in the laboratory. 

Those portions of the text which may he omitted during 
the second-year course, and which contain the subject- 
matter of the third-year course, are distinguished by a 
m^ft’ginal line. While recognising the diilieulty of attempting 
any such distinction, owing to the great diversity of opinion 
which may be held as to what should he included in each of 
these courses, we believe that some clear demarcation in a 
text-book is highly desirable, if not essential; and the plan 
adopted here, while enabling the student to select what he 
requires, does not suffer from the many disadvantages which 
would attend a complete separation of the subject-matter 
into two successive parts. 

We are indebted to J)r A. Lapworth, F.R.S., for certain 
sections of the text relating to physical chemistry, and also 
for assistance in reading the proof-sheets. 



CONTENTS. 


FAflE 

Chapter XXXIV.— Equilibrium between Solids and 
Liquids. Supersaturated Sol utions — Cry oliy d rates — 

Eutectics . . . . ..307 

Chapter XXXV. — Crystals — Double Salts — Iso¬ 
morphism. Crystallography—Solid Solutions—Dialysis 
—Pseudo-Solutions—Colloids.317 

Chapter XXXVI.— Chemical Change. Valency and 
Structure—The Influence of Temperature . . . 328 

Chapter XXXVII.— Chemical Change. The Heat of. 
Reaction—The Nascent State—Berthelot’s Principle of 

Maximum Heat—The Law of Hess.$37 

Chapter XXXVIII.— Chemical Equilibrium. Thermal 
Dissociation—The Influence of Concentration on Chemical 
Equilibrium—Le Chatoliev’s Rule.347 

Chapter XXXIX.—Chemical Equilibrium in Aqueous 
Solution. Hydrolysis—The Law of Mass Action . . 358 

Chapter XL.— Osmotic Pressure .367 

Chapter XLL— The Determination ok Molecular 
Weight. Victor Meyer’s Method—Hofmann’s Method— 

The Cryoscopic and Ehullioscopie Methods —Association 37(b 
Chapter XLIL— The Ionic Dissociation Theory . . 385 

Chapter XLIII. — Some Applications of the Ionic 
Dissociation Theory. Reactions between Ions—Heat 
of Neutralisation of Acids and Rases—Ionic Equilibria— 

Solubility Product.362 

Chapter XLTV.—The Halogens. Hydrogen Fluoride— 
Fluorine—Chlorine—Bromine—lodiue .... 398 

t 

Chapter XLV.— The Halogen Acids. Hydrogen Chloride 
—Hydrogen Bromide—Hydrogen Iodide—The Relation¬ 
ship belw«4gi the Halogens.416 

Chapter XLVI.-The .Oxides and Oxy-Acids of the 
^Halogens. Chemical Nomenclature .... 429. 

Qj^pter XLVIL— Manganese and its Compounds. The 
Relation of Manganese to the Halogens .... 443 
Chapter XLVIIL —The Oxygen Family. Oxygen— 
Ozone—Water—Hydrogen Peroxide. . a 456, 





VI 


CONTENTS. 


Chapter XLIX.—Sulphur and its Compounds. Seleninm 

^ —Tellurium—The Relationship of the Elements of the 
\pxygen family. 

Chapter L.—Chromium and its Compounds. Molyb¬ 
denum—Tungsten (Wolfram) — Uranium . 

Chapter LT. — The Nitrogen Family. Nitrogen — 
Ammonia—Hydroxyl amine—Hydrazine—Azoimide—The 
Oxy- Acids of Nitrogen ... 

Chapter LI I.—Phosphorus and its Compounds . 

Chapter LIII.—Arsenic and its Compounds . 

Chapter LIV. —Antimony and Bismuth and their 
Compounds. The Relationship between the Elements 
^)f the Nitrogen Family. 

Chapter LV.—The Elements of the Carbon Family. 

/ Silicon—Germanium—Tin—Lead—The Relationship of 
the Elements of the Carbon Family—The Titanium 
Sub-Family. 

Chapter LVL—The Boron Family. Boron—Aluminium 
—Other Elements of the Boron Family .... 

Chapter LVII.—The Magnesium Family. Beryllium— 
Magnesium—Zinc—Cadmium—Mercury—The Relation¬ 
ship between the Elements of the Magnesium Family 

Chapter LVIIT.— The Calcium Family. Calcium- 
Strontium—Barium—The Relationship of the Elements 
of the Calcium Family. 

Chapter LIX.—The Metals of the Copper Family. 
Copper—Si 1 ver — G old. 

Chapter LX.—The Alkali Metals. Lithium—Sodium 
—Potassium—Rubidium - Caesium—The Relationship of 
the Alkali Metals. 

Chapter LX1. — The Helium or Argon Family. 
Spectrum Analysis. 

Chapter LXIL- Iron, Nickel, Cobalt, and Related 
Metals. Ruthenium—Osmium—Rhodium—Palladium 
Platinum. 

Chapter LXIIL—The Classification of the Elements 
and i HE Periodic System. The Atomic Volume Curve 

Chapter LXIV.— Radio-Activity . 


Index 




FAGft 

478 

502 

514 

534 

552 

561 

576 

606 

618 

637 

650 

066 

681 

689 

713 

729 

735 




Inorganic Chemistry. 

PART II. 

CHAPTER XXXIV. 

Equilibrium between Solids and 

Liquids. 

As progress is made in the study of chemistry it will be 
seen more and more clearly tlmt it is practically impossible 
to draw a sharp distinction between physical and chemical 
changes. For this reason, although changes in state have 
been classed together fts physical changes (p. 40), and an 
attempt to define chemical change, has been made (p. 182), 
attention has also been drawn to two important qualifying 
considerations: (a) that it id very difficult to say in which 
class some of the phenomena of solution should be placed 
(p. 41); and (ft) that since many chemical changes are 
easily reversible (p. 86), reversibility is not a distinctive 
characteristic of physical change. 

In spite of the difficulties here indicated, it is convenient 
to retain the use of the terms * physical * and ‘ chemical,’ in 
the senses in which they have already been employed, to 
distinguish broadly between certain sets of phenomena. 

The first subject which may now be considered more fully 
is rather of a physical than of a chemical character, and con¬ 
cerns the behaviour of solutions. A solution is said to be 
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satu&tcd with a substance when, being in contact with that 
substance, it retains its composition unchanged so long as 
the\£emporatyire and pressure do not vary. The fact that a ; 
saturated solution does not alter in composition is probably 
due, not to the cessation of all change, but to the results of - 
two opposed processes ; on the one blind the soluble substance 
is being dissolved, but on the other hand it is being deposited 
again, and in any given time just as much substance passes 
into as passes out of solution. 

A system (p. 57) such as a saturated solution, which thus, 
retains a constant composition under constant conditions 
owing to the occurrence of two opposed changes, is said to be 
in a condition or state of equilibrium. The solubility curves 
already given (p. 25) show, therefore, in each ca.se, the com¬ 
position of a solution in equilibrium with the solid under the 
given conditions of temperature and pressure. 

Heat of Solution. —In the case of some salts, such as potas¬ 
sium nitrate, the solubility in water increases very considerably 
as the temperature rises; but in the case of others, such as 
sodium chloride, it increases very little. On the other hand, 
many salts and other soluble substances show a behaviour 
very different from that of potassium nitrate or of sodium 
chloride, inasmuch as the solubility decreases as the tempera¬ 
ture rises; thus a saturated solution of calcium hydroxide, 
or of gypsum (p. 226), prepared in the cold, becomes turbid 
when heated, owing to the separation of some of the dissolved 
solid. The solubility curves of such substances, therefore, 
instead of sloping upwards, as do those already given, slope 
downwards. 

Now when any substance passes into solution there is a 
development or an absorption of beat, which may bo con¬ 
siderable, or which may be almost inappreciable. The 
maximum^ heat development or absorption (expressed in 
calories, p.^135), obtainable by dissolving one gram-molecule 
(p. 197) of a substance in an unlimited quantity of water, is/ 
termed the heat of solution of that substance in water. 
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The heat of solution of sodium nitrate or potassium nitrate 
in water is strongly negative, and the cooling effect is quite 
sensible to the hand when either of these salts is hiing 
dissolved. The heat of solution of sodium chloride is also 
negative, hut is only small, so that on adding this salt to 
water the fall in temperature is not observed unless a thermo¬ 
meter is used. On the other hand, those substances which, 
like calcium hydroxide and gypsum, decrease in solubility 
with rise in temperature, have a positive heat of solution. 



This suggested connection between the variation of solu¬ 
bility with temperature and the heat of formation of the 
saturated solution of the salt holds universally true, and it,, 
may be anticipated that if a salt does not change in solubility 
as the temperature alters, then it dissolves without production, 
either of heat or of cold. In the case of a salt having the 
solubility curve given in the diagram (fig. 80), it may be* 1 
infected that from 0° to 43° the salt dissolves with absorption^ 
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of heat, but above 43° with production of heat; the highest 
point on the curve is the point where the heat of solution 
island changes from a negative to a positive value, the 
change being quite gradual throughout. Such is the case 
with gypsum, CaS0 4 , 2TL.O. 

Many salts take up different proportions of water of hydra¬ 
tion at different temperatures (footnote, p. 274), and it is but 
a short step to the conclusion that if several hydrates of the 
same salt exist, and these have different heats of solution (as 
is usually the case), they will also have different types of 
solubility curves, because each must change in solubility with 
temperature, in a different manner. 

No better example than sodium sulphate can be selected 
to JHlustrate what is actually observed in such cases. This 
salt is easily obtained in two different forms. One of these 
is the anhydrous stilt, Na 2 S0 4 ; the other the hydrated form, 
Na 2 S0 4 , 10H 2 O (p. 226), as it exists in Glauber’s salt, from 
which the first is easily obtained by dehydration (p. 38). 

The hydrated form dissolves in water at ordinary tempera¬ 
tures with absorption of heat, and consequently increases in 
solubility as the temperature rises. The anhydrous form, on 
the other hand, can hardly be said to form a saturated solu¬ 
tion in water at ordinary temperatures, because when brought 
into contact with cold water it becomes converted into the 
hydrated form. Above 33°, however, the anhydrous salt 
does not undergo this change, and dissolves with evolution 
of heat; hence above this temperature its solubility curve 
slopes in the opposite direction to that of the curve of the 
hydrated salt. 

The quantities of dissolved Na. 2 S0 4 in saturated solutions 
prepared from the two forms of the salt have been determined, 
afcd it has been found that the two solubility curves are really 
continuous and meet at the temperature 33°, as shown in 
fig. 81. The line AO gives the solubility (in grams of 
Na 2 S0 4 per 100 grams of water) of the hydrated salt, and 
OD that of the anhydrous salt. 0, the point at which the 
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curves meet, corresponds with 33°, and a concentration of 
about 50 grams of Na 2 S0 4 per 100 of water. 

It is evident that at 33° (the point 0) $lie satir*ated 
solutions of both forms have the same concentration, and 
therefore the solution and both solid forms of the salt can 
exist together in a state of equilibrium; at no other tempera¬ 
ture is this possible. Above • 33° the saturated solution 
prepared from crystals of Na 2 S0 4 , 101I 2 O contains moro 
]S T a 2 S() 4 than a saturated solution prepared from the anhy¬ 
drous salt, and would therefore (if given the opportunity) 



deposit the latter form. Below 33° the inverse holds good, 
and a saturated solution of the anhydrous salt deposits the 
hydrated solid. In either case the change continues until 
the condition of equilibrium indicated by the curve AOD is 
attained. 

Two conclusions itoay be emphasised. (1) At 33° crystals 
of Na 2 S0 4 , lolled, in presence of a trace of liquid moisture, 
will usually appear to dissolve in its water of crystallisation 
(p. 38), forming a saturated solution of both Na 2 S0 4 and 
NajSOi, 10H 2 O; on raising the temporature slightly above 
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33°, "this liquid will deposit increasing quantities of Na 2 S0 4 , „ 
(2) When attempts arc made to trace the solubility curve of 
either Na 2 S0 4 , 101I 2 O or Na 2 S0 4 , taking those precautions 
which are necessary in order to obtain supersaturated 
solutions (see below), then the curves will continue beyond 
0, as shown by the lines OB , OC in the diagram. 

At one time it was generally believed that solubility curves 
of the above type indicated that the ‘Salt hydrates existed in 
the solutions, as such, and decomposed in the solution at the 
temperature of the break. It is evident from what has been 
said that the break is the point where the solubility curves of 
the Jwo dilferent solid modifications cross one another. Its 
existence in an experimental solubility curve merely supplies 
evidence of the existence of two such solids, and has no direct 
hearing on the state of the salts in the solution. 

Supersaturated Solutions. 

When a saturated solution of Na 2 S0 4 ,10H 2 (), prepared say 
at 30°, is poured into a warm, clean flask (taking care that 
the solution is free from any suspended crystals), and the 
neck of the flask is then plugged with cotton-wool to prevent 
the entrance of dust,* the solution may afterwards be cooled, 
say to 15°, without any crystalline deposit whatsoever being 
formed. If now the smallest particle of a crystal of Na 2 S0 4 , 
lOlIgO is dropped into the solution (a process often called 
‘seeding’), crystallisation immediately sets in (accompanied 
by a rise in temperature), and continues until the condition of 
equilibrium shown by the solubility curve is attained. 

A solution which shows this behaviour is said to be super¬ 
saturated. So long as it is not in contact with a crystal of 
KagSO^ 10II 2 O it is stable , and may be kept indefinitely 
without change in composition; but in contact with such A 
crystal it is unstable. For tips reason the supersaturated 

i ' i 

* Atmospheric dust may contain crystals of Na^SO^ 10H a O, and must' 
therefore be excluded, otherwise it may be impossible to prepare a super 4 
saturated solution. 
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solution (which is not in the most stable condition) is stud to 
be in a metastable condition. 

Supersaturated solutions of many other sqjids may be 
prepared (p. 497), and in carrying out solubility determina¬ 
tions care must be taken that the solutions examined are 
not supersaturated. 

In a similar manner many pure liquiils may be cooled below 
their melting- (freezing) points, or heated above their boiling- 
points, without a change in state taking place, provided that 
clean vessels are employed anil dust is carefully excluded. 
Liquids in this metastable condition are said to be supercool,ed 
or superheated , as the case may be. Below certain tempera¬ 
tures sujvetcooled liquids and supersaturated solutions deposit 
crystals spontaneously (i.e. without being 1 seeded ’), the meta¬ 
stable having passed into an instable condition. 

Cryoiiydrates. 

When a saturated solution of common salt is cooled slowly, 
crystals of pure salt separate and the solution becomes less 
concentrated; on its continuing to cool, a further quantity of 
pure salt is deposited, and this separation may be continued 
below the freezing-point of water without any ice being 
formed; the composition of the remaining liquid depends, 
therefore, on the temperature. When, on the other hand, a 
very dilute solution of salt is cooled slowly, it begins to 
deposit crystals of pure ice below 0°, the exact temperature 
depending on the concentration of the solution. As this 
deposition proceeds and the temperature continues to fall, the 
solution becomes more and more concentrated, but, as in 
the former case, the final composition of the liquid simply 
depends on the temperature. 

In the diagram (fig. 82), A represents the freezing-point 
(0°) of an infinitely dilute solution of salt, and the line AB 
shows the temperature at which ice is deposited as the 
solution becomes stronger. The line CD shows the tempera* 
hire at which salt is deposited from saturated solutions, 
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During these cooling processes, therefore, the saturated 
solution and the dilute solution are approaching one another 
in composition more and more closely as the temperature falls, 
and provided that the separation of salt or of ice, as the case 
may he, continues regularly, the compositions of the two 
liquids finally become identical at the point O. In other 
words, if a start is made with a strong or with a weak solution, 
there is ultimately obtained a liquid which on further cooling 

may deposit either salt or 
ice. If the former were to 
separate the solution would 
become more dilute, and 
would have the compo¬ 
sition of one which for¬ 
merly deposited ice; if 
the latter, then the solu¬ 
tion would become more 
concentrated, and would 
have the composition of 
one which formerly de- 
j posited salt. Hence, un¬ 
less the conditions are 
I such that supersaturated 
solutions can exist at the 
point where the composi- 
c*A*s OF Ml •* too crhms or w*T E R tions of the two liquids 

Fig. 82. become identical, further 

withdrawal of heat will 
cause both salt and ice to separate simultaneously. Now 
if the proportion by weight of salt to ice in the deposit is 
greater (or less) than in the solution, then the solution would 
become less (or more) concentrated, and would have the 
composition of a liquid which had previously deposited ice 
(or salt) at a higher temperature. 

Consequently the further abstraction of heat does not alter 
the composition of the liquid; the solution still remains 
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saturated with salt, and, in a sense, with ice, and gradually 
solidifies completely without any further fall in temperature. 

Here, then, is a case of the freezing of a mixture without 
change of temperature or composition, so that tke properties 
of a compound are simulated. 

Solid mixtures so formed and having these properties were 
at one time thought to be definite.hydrates and were termed 
cryohydrates. To the naked eye, however, cryohydrates 
present the appearance of an opaque mass without definite 
crystalline habit (p. 319), and under the microscope they are 
seen to Contain two kinds of crystals; their physical proper¬ 
ties, too, such as heat of solution and density, are the mean 
of those of their component solid materials, which is not 
the rule with chemical compounds. For these reasons dfcyo- 
liydrates are no longer regarded as definite hydrates. 

On the temperature at which such cryohydrates separate 
depends the degree of cold attainable by freezing mixtures of 
ice and salts (p. 8). When salt is added to moist ice it dissolves, 
forming a solution which is no longer in equilibrium with the ice 
at 0°; the latter melts, absorbing heat, and this process goes on, 
if the mixture is suitably protected from external warmth, until 
the solution has the temperature and concentration which corre¬ 
sponds to the cryoliydrate point. It is then saturated both to ice 
and to salt, and consequently no further change occurs. 

Cryohydrates of many substances may be obtained; more¬ 
over, liquids which solidify without change in composition 
or temperature may l>c produced from innumerable pairs of 
substances. The solid mixture thus formed melts at a 
constant temperature and is known as a eutectic; a cryo- 
hydrate is only one particular kind of eutectic in which ice 
is one of the solids present. 

Alloys, the products obtained when fused mixtures of 
metals are allowed to cool, frequently consist to a great 
extent of such eutectics embedded in varying amounts of 
other solids, which may consist of some of the pure com¬ 
ponent metals of the alloy, or of compounds of these 
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components. Thus a liquid mixture of copper and silver, 
when cooled, deposits first either pure crystals of copper or 
of silver, according to the proportions of the metals present. 
The molten^niiihS continues to change in composition until 
it consists of 40 atomic proportions of copper to 60 atomic 
proportions of silver, at which point it solidifies at a con¬ 
stant temperature (778 ) without change in composition. 

* A eutectic shares with a compound the property of 
fusing at a constant temperature and without change of 
composition, but may be distinguished from a compound 
by means similar to those applied to discriininate^Getween 
cryohydrntes aud true salt hydrates. The simplest method 
of distinguishing between such constant melting mixtures 
an£ chemical individuals depends on the fact that when the 
composition of a liquid eutectic is varied by the addition 
of any of its components it begins to freeze at a higher 
temperature than the eutectic does, while in the case of 
a compound of the same substances the addition of any 
of the constituents would cause a depression of the freezing- 
point. 

By a careful examination of the freezing-point of mixtures 
of metals or of other substances miscible in the liquid state 
in varying proportions, it is thus possible to determine 
whether they yield compounds, or eutectics, or both. 

* A considerable proportion of the matter contained in this volume is not ' 
required by students who are working for second year or intermediate 
examinations such as those of most universities or of the Board of Educa¬ 
tion (titaye II.). These parts of the text are marked with a line, so that 
their study may he postponed until the student enters on the third year 
course. 
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CHAPTER XXXV. 

Crystals—Double Salts—Isomorphism. 

The anhydrous or hydrated solids wl)ich are deposited 
from their saturated solutions are generally obtained in the 
form of crystals (p. 31). Normal crystals are homogeneous 
bodies, the composition being the same in every part, as is 
also the density. They are bounded by flat planes or faces 
which, when they intersect, do so in straight lines. Every 
face on a normal crystal, therefore, is a polygon bounded by 
straight lines. If a point be taken on any crystal edge wnd 
lines be drawn on the two intersecting faces at right angles 
to the edge, the two lines are inclined to one another at a 
definite angle which gives the angle between the two faces 
or the interfacial angle. 

As a rule, the crystals of any one substance which are 
deposited under similar conditions bear a marked resemblance 
to one another; every, or nearly every, face has its repre¬ 
sentative on all the -crystals, and corresponding faces on 
different crystals may often be identified by mere inspection. 
The first fundamental law of crystallography is that ‘ the 
interfacial angle between corresponding faces on (liferent 
crystals of the same substance is constant, if measured ’ at a 
fixed temperhtnre y and is independent of the size or develop¬ 
ment of the faces. 1 

This law, however, is only approximately true, for if two 
crystals are compared, variations of half a degree or even more 
are sometimes observed, even with good crystals. Nevertheless 
the mean of a sufficiently large number of examples is a constant 
for any given crystalline modification of a pure substance. 

The enormous majority of perfectly developed crystals 
exhibit some type of symmetry. 

The lowest type is point symmetry , or that about a point 
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in tlte crystal, namely, the centre. In this instance, for each 
face on the crystal there is another, parallel to it on the 
other side of the centre. 

A crystal* has a idone of symmetry when a plane may be 


drawn through the mass of the crystal in such a direction 
th.it the faces lie in pairs symmetrically dis¬ 
posed with regard to this plane; with a per¬ 
fectly developed crystal the plane cuts it into 
two parts related to one another as an object 
and its reflection in this plane. 

A crystal has an axis of symmetry when it 
may be rotated about some line (passing through 
the centre of the crystal) through some sub¬ 
multiple of 360°, so that each face will occupy 
the position previously taken by another. That 
is, the crystal may be cut by several planes, 
meeting at the axis, into portions each of which 
corresponds exactly with the others; with a ]>erfectly developed 
crystal the various sections will be exactly similar in all respects. 



. Fig. 83. 



A perfectly developed crystal of this kind, set in a mould, 
if taken out and twisted through some submultiple of 360°, 
would once more fit the mould exactly in a new position. 

The crystal shown in fig. 83, for example, may be so twisted 
360° 

through 3 ; this crystal, therefore, has an axis of 3-fold 
symmetry. 
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Only axes of 2, 3, 4, and 0-fold symmetry are possible* by 
the laws of crystallography. 

A pwjWfh/ (JrrrIojH'rf rryitfa! is one in which corre 
sponding faces all li«» at an equal distance from # tlie centre. 
Sncli a crystal is rarely, if ever, met with in practice, as 
growth usually occurs nmro quickly in some directions than 
in others. A periectly developed octahedron, for example, 
has the form (1), by SI, but instead of tins form, others, 
such as (2) or (3), are. olten produced owing to special 
development of certain faces. 

Similarly, in tin* place of the perfectly developed crystal (1), 
fig. So, forms such as (5) and (0) may be obtained. 



Fig. 85. 


When crystals diller from one another in the manner 
illustrated by eaeli of these tuo eases, they are said to have 
different. habit s. 

bet A'UA", Y<)Y r , ami ZOZ' (tig 8(i) be three imaginaiv 
stiuight lines (crystallographic axes) parallel to auv tlnee possible 
digits of the eiyslal, and let these he cut by the plane of one of tin 
eivstal faces at tile points ,r, y, and c respectively. The linos 
.rif, yz, and vrz represent flu* lines of intersection of the plane of 
the crystal face with the eo ordinate planes of the erv-tal. 

The second fundamental law of crystallography states that- 'if 
■ the relative lentffh.s o.r, ay, ami oz are representetl hy a : b : c, then the 
J corresponding ml not for o:r\ ay', ami uz for nay other fare on the 
* crystal will he represented by the numbers pa • tgb : rc, where p, q % 
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and? are small whole numbers' (including zero)* If the face cuts 
any axis on the opposite side to O from ti at indicated, that is, on 
the side A”', Y\ or Z\ then the eorresponding multiplier p, q, or r 
is negative ip sign. 

In Miller’s system of crystallographic nomenclature, which is the 
one now most generally adopted in chemical crystallography, the 


numbers 7:1 , selected a rule from the typical faces, arc 

u n 

known as the a,rial ratios of the crystal. 

Any face on the crystal i.> determined by the multipliers />, q , 

and r, but whole numbers proportional to the reciprocals^, and ^ 

are used in this system, and are known as the ! indices' of the face. 

Thus if the multipliers of 
, Y a bice are 2, 3, and 4 re¬ 



spectively, its indices are 
the smallest whole num¬ 
bers proportional to h, 
and ,f, that is, (i, 4, and 3, 
and the formula of the 
face is 643. 

If some of the multi¬ 
pliers of a face are nega¬ 
tive in sign, this is indi¬ 
cated by a line drawn 
above the indices thus: 
6 4 3. The formula of a 



parallel face on the oppo¬ 
site side of the centre is 
obtained in all eases by 
a total inversion of the 
positive and negative 
signs. Thus 0 43 and 
648 represent parallel 
faces. 


Owing to the circumstance that crystals almost invariably contain 
planes, axes, or points of symmetry, it is seldom, if ever, that one 


face occurs without at least one other corresponding to it. Tims all 
the faces of the regular octahedron may he regarded as corresponding 
to one another as the result of the type of symmetry inherent to the 
crystal, and such ieluted faces are said to make up a ‘ form.’ A 
‘ form is indicated by enelm-ing 1 lie formula of one of its component 
faces in brackets, thus JUiJj. 
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The cube is made up of faces, each of which cuts one axU only.^nd 
the others at an infinite distance. Thus one face cutting only the 
X axis and on the light of the centre has the multipliers 1, ao, go, 

and this face is therefore rendered as 1 —- or 100. *The cube is 

GO GO 

therefore {100}, while the faces of which it is composed are 100, 
100, 010, 010, 001, 00T. The regular 
octahedron is {HI}, and its coniponent 
faces 111, TIT, Til, ITT, lTl, Til,- 
111', Til. 

As a rule crystals are combinations 
of forms; thus the one shown (fig. 87) 
is a combination of the cube and octa¬ 
hedron, and is often found in crystals 
of alum. 

Crystals are divided into various 
systems, but the broadest mode of 
classification is as follows : 

(1) The Cubic System. —Includes crystals with three equal 
axes all at right angles to one another. Examples. —The 
regular cube: common salt, potassium 

chloride, fluor-spar. Octahedron : alums. 

Other forms : iron pyrites, barium nitrate. 

(2) The Hexagonal System. —One axis 
of threefold or sixfold symmetry. For 
convenience this system is represented 
as having three crystallographic axes of 
equal length in one plane and equally 
inclined to one another, and a fourth 
(the axis of symmetry) at right angles 
to the plane of the other three, and 
of different length from the others 
(fig. 88). Examples. — Calc-spar, ice, 
quartz, sodium nitrate. 

* 

(3) The Tetragonal System. — Three pj ^ 

axes at right angles, two of equal 

length, the third of different length. Examples —Tin stone, 
boron, 

tom, 



V 
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(4) The Orthorhombic System.- Three axes at right, angles, 
of unequal lengths (a very common type). Examples .—- 
Rhombic sulphur, iodine, nitre. 

(5) The f Monoclinic (or Monosymmetric) System. —Two 
axes not at right angles to one another, and a third at right 
angles to the plane of the first two. The three axes of 
different lengths. Examples. —Prismatic sulphur, potassium 
chlorate, Glauber’s salt, gypsum, green vitriol. 

(6) The Asymmetric System. —Three axes of unequal 
lengths, no two at right angles to one another. Examples .— 
Blue vitriol, potassium dichromate. 

As already stated (p. 214), many substances may form 
crystals of two or more different kinds, usually belonging to 
different systems. Such substances are termed di-, tri-, or 
poly-inorplious, as the case, may be. 


Double SaltA 

When a solution which contains two salts, or other 
dissolved solid substances, is concentrated or cooled, the 
first deposit consists, as a rule, of one substance, only 
(p. 32); later, both the dissolved substances may separate 
side by side, giving a heterogeneous deposit in which the 
proportions of the substances vary according to the conditions 
and are not in any definite molecular ratio. In some cases, 
however, a solution of two substances deposits homogeneous 
crystals which contain both substances in definite, and simple 
molecular proportions. When this occurs the proportions of 
the two substances in the solution may often be varied very 
considerably without altering the composition of the crystals 
which are first obtained. Crystals of potash alum, K a S0 4 , 
A1 2 (S0 4 ) 3 , 24II 2 0 (p. 295), for example, are deposited from 
a saturated solution containing potassium sulphate ami alu¬ 
minium sulphate, and, within certain limits, the proportion in 
which the, salts are present in the solution makes no difference 
m regards the composition of the uarliar ' crops ’ of crystals. 
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Crystalline substances of this kind are termed double salts 
(j>. 295). Many other examples of such double salts will be 
id veil later. 

An aqueous solution of a double salt shows all The reactions 
of both the component salts, and the physical and chemical 
properties of the solution are almost exactly the mean of 
those of solutions of these components. Moreover, there is 
no evidence that the molecules of either of the components 
are dilfcrent in the double salt from what they are in the 
separate substances, and it would seem that one of the salts 
merely plays a part analogous to that played by water in 
a hydrated crystal. 

Solid Solutions* 

Solutions containing two substances may show a behaviour 
altogether different from that- of either of the two types so far , 
referred to. They may give physically homogeneous crystals, 
the composition of which may van/ to a greater or less extent. 
When, for example, a solution containing copper sulphate 
and ferrous sulphate is allowed to evaporate slowly, and the 
crystals which are deposited are jacked out from time to time 
and analysed, it is found that each crystal may contain both 
sulphates, but not always in the same proportion. 

Again, crystals of dolomite (j>. 75) contain both carbonate 
of calcium and carbonate of magnesium, but probably no two 
crystals have exactly the same composition. The crystals 
which separate from a fused mixture of gold and silver con¬ 
tain both those elements, and may contain any proportions 
whatever of the two components. Silver and zinc also yield 
crystals containing both metals, but the proportion is only 
variable within certain limits. 

Solids such as these crystals resemble solutions inasmuch 
as they are. homogeneous materials which can vary in com- 
position Within limits which are sometimes fixed and some¬ 
times indefinite. For this reason, mixtures of this nature 
havo received the title of 'solid solutions.' 
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The behaviour of a liquid mixture which may deposit a solid 
solution is very different from that of a liquid which deposits only 
pure crystals of one or more kinds. If a substance is added in 
small quantify to another with which it may form solid solutions, 
then the melting or freezing point may actually be raised instead 
of lowered, according as the mixed crystals which separate contain 
more or less of the added substance than the liquid does; this is 
the case, for instance, when silver is added to molten zinc. In the 
study of alloys, the formation of solid solutions plays a part of the 
greatest importance. Steels and brass, for example, consist very 
largely, and perhaps sometimes wholly, of solid solutions of the 
components. 


Isomoupuism. 

Stibstanees which form solid solutions with one .another 
nearly always belong to the same crystalline system, and the 
crystalline forms of the separate substances resemble one 
^another very closely. A crystal of the one substance placed 
in a saturated solution of the other increases in size without 
any alteration of importance taking place in the magnitude 
of the interfacial angles. Thus a violet octahedral crystal of 
chrome alum (p. 510), placed in a saturated solution of potash 
alum, continues to grow without alteration in crystalline 
form, and is sluwly converted into a much larger octahedral 
crystal by the deposition of colourless potash alum; further, 
a supersaturated solution (p. 312) of potash alum immediately 
crystallises when ‘ seeded * with a crystal of chrome alum, and 
vice verm. 

Substances which show the above relationship are called 
isomorphous. Other examples of isomorphous substances are 
the carbonates of calcium and magnesium, gold and silver, 
the chlorides of potassium and ammonium. 

As a rule there is a very close connection between crystal¬ 
line form and molecular structure; compounds of the same 
type are frequently isomorphous, as will he shown by numer¬ 
ous examples mentioned later (pp. 456, 502, 520, 616). 

This fact was discovered by Mitschcilich (in 1819), and in 

the past it has been made use of for the determination of 
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atomic weights. Since the crystalline form of compounds 
of analogous chemical composition is the same (the law of 
Mitscherlich), if two, compounds are known t* bo isomor- 
phous, and one of them contains an element of unknown 
atomic weight, this unknown atomic weight may be calculated 
from the results of analyses. 


Example .—Potassium selenate is found to he isomorphous with 
potassium sulphate. The formula of potassium sulphate is known 
to he KjjSO*, and its percentage composition is K=44 - 8, 0 = 36'8, 
ami S = 18*4. An analysis of potassium selenate shows that it con 
mins 35-3 per cent, of potassium ; if, therefore, the selenate and 
the snlphate are of the same type, the percentage of oxygen in the 

3f>”3 x 36*8 * 

selenate is - =29, and the percentage of selenium , by differ- 

TT O m 


ence, is 35'7. • 

Now in potassium sulphate 2 gram-atoms (78 g.) of potassium 
are united with 1 gram-atom (32 g.) of sulphur, and in potassium 


selenate 78 g. of potassium are united with 


78 x 35-7 
3.V3 


= 79 grains of 


selenium ; hence the atomic weight of selenium is 79. 

Certain substances show isodimorphism , or even isopolymorphism. 
Thus the sulphates of copper and of iron may he obtained in 
isomorplious asymmetric crystals having the composition CuS0 4 , 
5H„0, and FcS0 4 , 5H s O respectively, and also in isomorplious 
monoclinic crystals having the composition CuS0 4 , 7H a O, and 
FeS(> 4 , 7H 2 0 respectively. This is the reason why these two salts, 
which usually crystallise in different systems, give rise to solid solu¬ 
tions when they are crystallised’together. 


Dialysis, Pseudo-Solutions, and Colloids. 

When excess of a dilute solution of hydrochloric acid is 
treated with a dilute aqueous solution of sodium (meta)silicate 
no precipitate is produced, although metasilicic acid (p. 293) 
is probably formed in accordance with the equation, 

Nu 2 Ri() 3 + 2IIC1 = IIoRiOg + 2NaCl. 

If the solution is boiled metasilicic acid is precipitated, but 
at ordinary temperatures no precipitate forms even in the 
course of some days : it would seem, therefore, that metasilicic 
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acid "exists iti two forms, one of which is insoluble 4 , the oilier 
soluble, in water. 

Now it wjjs fou ml by (Iraham that most substances wbicli 
are soluble in water can pass through parchment-paper ami 
certain other membranes, whereas some of them do not 
show this property. If, for example, a dilute solution of 
sodium chloride or of hydrogen chloride is placed in a U-tubo 
made of parchment-paper (free from holes), and this tube is 

suspended in a vessel of 
distilled water, as shown in 
the diagram (tig. 89), the 
sodium chloride or the hy¬ 
drogen chloride, as the case 
may he, rapidly passes or 
diffuses through the mem¬ 
brane and may he detected 
in the surrounding Avater. 
If, on the other hand, an 
aqueous solution of glue or 
gelatine is placed in the 
U-tube, tin; glue or gelatine 
gg does not pass or diffuse into 

the distilled water. Sul>- 
stances, such as sodium chloride, Avhioh thus diffuse through 
certain membranes wore called by (Jraham crystalloids, and 
substances, such as glue, gelatine, «tec., which do not diffuse, 
colloids. The passage of a dissolved substance through a 
membrane is termed dialysis, and the apparatus in which 
this occurs is called a dialyser. 

On placing the solution of metasilicic acid, obtained in the 
manner described above, in a dialyser, sodium chloride and 
hydrogen chloride diffuse into the surrounding water (until a 
condition of equilibrium between the two solutions is reached) ; 
but the metasilicic acid, which is a colloid, remains in the 
U-tttbe. On carefully withdrawing the outer solution of salt 
and acid, and putting distilled water in its place, the crystal- 
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iojds again diffuse until a statu of cquililirium is attained, 
(iii<I by repeating these operations until the distilled water is 
found to remain free from chlorides, the whole of the dissolved 
M-ystalloids may he removed from the solution in the U-tube. 

This tulxi now contains a clear, apparently homogeneous 
liquid which is a 'colloidal solution’ of metasilicie acid. If 
tins 'solution ’ is allowed to evaporate spontaneously it yioldg 
a gelatinous amorphous deposit, which does not redissolve 
completely when the water lost hy evaporation is again added, 
ami if the colloidal solution is boiled, or treated with relatively 
small quantities of various salts, it gives a gelatinous separation 
of insoluble metasilicie acid. • 

Many substances, when produced in solution by double 
decomposition or in oilier ways, may be obtained in ‘colloidal 
solution,' and may be separated from accompanying crystal¬ 
loids by the process of dialysis. This ‘ soluble' form is 
sometimes called a hi/tlmsol. From the ‘solutions’ thus 
obtained the colloid is precipitated in a form (sometimes called 
a hydmyrl) insoluble in water, hy heating the * solution' or 
hy adding to it an electrolyte (p. 301). Examples are given 
later (pp. f»f>9, footnote, .614, 704). 

The examination of ‘colloidal solutions' has led to the con¬ 
clusion that the substance which appears to be dissolved, and 
which cannot he separated by ordinary processes of filtration, 
is really suspended in the liquid, hut in an extremely finely 
divided condition ; hence ‘colloidal solutions ’ are often termed 
pnrutlo-soliifions (false or counterfeit solutions) or colloidal 
wisjw/Hiinns. 

The behaviour of ‘ colloidal solutions ’ is altogether different 
from that of true solutions; The osmotic pressure of such 
solutions is relatively very small ; the freezing-point and the 
boiling-point of the solvent are only very slightly changed 
by the presence of the colloid, and there is no definite 
boundary line between a saturated and an unsaturated ‘col¬ 
loidal solution.* 

‘Colloidal solutions ’ oi various metals may b« obtained in 
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several ways. One method is to form an electric arc between 
two wires of the metal which dip below the surface of pure 
water; under these conditions gold gives a beautiful ruby- 
red colloidal suspension, while that of silver is yellow, and 
that of platinum brown. When examined with the ultra- 
microscope these* colloidal suspensions reveal the presence 
of solid particles of metal, but the particles are so small 
that they cannot be seen even under the highest powers of 
any ordinary microscope. Colloidal metals are very active 
catalysts in many reactions. 

Warm, strong solutions of certain colloids (glue, gelatine) 
set*to a jelly, or coagulate, when they are cooled, but regain 
their fluidity when they are warmed again. 

Many substances usually crystalline, if precipitated from solvents 
in which they are extremely sparingly soluble, appear in a colloidal 
form. Tims sodium chloride, if formed in dry benzene solution, is 
often not precipitated, hut forms a * colloidal solution ’ which appeal's 
opalescent. The minute particles are probably unable to dissolve 
and to give rise to crystals large enough to separate as such, but 
on the addition of a trace of water aggregation occurs and a deposi¬ 
tion of crystals at once takes place. 


CHAPTER XXXVL 

Chemical Change. 

The Influence of Temperature. 

In the study of solutions, cases have been mentioned in 
which different molecules 4 unite * to form more or less ‘ stable * 
substances, such as Xa 2 S0 4 ,10H 2 O; K 2 S( > 4 , A1 2 (S0 4 ) 3 ,24H s O;. 
and so on. In these and in similar cases, however, there is 
no evidence that the w/Hvifinal molecules undergo change 
during the ‘union/ and the formation of hydrates, double 
salts, and the like, may therefore be regarded rather as 
examples of physical than of chemical change. 

To proceed now to a closer study of chemical change— ‘a 
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change which results in the -formation of new molecules of an 
element or of a compound * (p. 182)—an attempt may first 
be made to classify the various reactions already considered 
in Part I. When this is done the following types may be 
conveniently distinguished : 

1. The combination of two elements to farm a compound, 

IT,, + Cl 2 = 2HC1 -2H., + 0 2 = 2H 2 0, 

or the reverse of this, the decomposition of a compound into 
two elements, 

2Hg<) = 2Hg + 0 2 2NH., - N 2 + 3H 2 . 

2. The combination of an element and a compound, 

0 + SCO = 2CU 2 0 2 + SlI 2 SOg = 2H 2 S0 4 , 

or the reverse of this, the decomposition of a compound intb 
an element and a compound, 

2Pb0 2 = 0 2 + 2PbO. 

3. The decomposition of a compound into two compounds, 

CaCO a = CaO + C0 2 H 2 S( ) 3 = S( ) 2 + IT 2 0, 

or the reverse of this, the combination of two compounds, 

CaO + H 2 0 = Ca(OH) g NH 8 + HC1 - NH 4 C1. 

4. The displacement of one element by an equivalent 
quantity of another (p. 146), 

H 2 SC) 4 + Mg - MgS0 4 + H 2 . 

5. The interaction of an element and a compound, leading 
to the formation of two new r compounds, 

30 2 + 2SH 2 = 2S0 2 + 211 2 0. 

6. Double decomposition, or the interaction of two com¬ 
pounds to form two new compounds (p. 147), 

NaCl + H s S() 4 = NaHS0 4 + HC1. 

7. The interaction of two identical molecules to form two 
new compounds, a change very similar to double decomposi¬ 
tion, ns in the formation of silver oxide from the hydroxide 
(p. 252), 


AgOII + AgOII = Ag 2 G + II 2 0. 
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Three other types of clmnge, namely, certain nllotropic 
changes (p. 166). polymerisation (p. r>82), and intramolecular 
change 1 (p. t r >76), are referred to later. 

.Now, although nearly all the changes or rear,lions already 
considered may ho immediately classed as belonging to one or 
other of these simple types, there, would remain some which 
at first, sight might seem to he of a different character. Thus 
the interaction of copper and hot concentrated sulphuric acid 
gives rise to three compounds (p. 261), as does also that of 
copper and nitric acid (p. 246) In these reactions, however, 
the linal results are probably reached by a combination or 
sequence of two or more of lh • above simple types of change, 
and the equation, 

On + 2I!,S< ) i 0mSO 4 + K( >, + 211^ ), 

for example, may be, regarded merely as a summary of the 
three distinct changes which are represented by the following 
expressions, 

Cu +1 hySf), =- run + ir a so 8 

H,KO s - »Sf), +!!.,(» 

Cut) + II,St » 4 (fuSt ) 4 + Tl 2 () * 

Even the decomposition of sugar under the influence of 
heat, a very complex process, which finally leads to the pro 
(faction of carbon, water, and many carbon compounds (p. 116), 
probably consists of a seijneuce of simple changes, each of 
which belongs to one of the types given above. 

It may be assumed, thorefoie- -and this is the point which 
it is desired to bring out —that in all chemical changes, no 
matter how complex the final results may he, these results are 
brought about by simjtle reorfions Uelmeen individual molecules 
in simple jrroj/ortions. 

Valency and Structure. —It is even possible to go a step 
further and to attempt a rough representation of the nature 

* TVt* results inay also be accounted for by assuming that the following 
reaction- o<*cur, 

Cu + H 2 SO 4 =0uKO 4 +211 and 2H + H, r S0 4 ^2H 2 0+B0 a . 
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of the changes which the individual molecules themselves 
undergo. The molecule may be regarded as a structure 
(p. 260) in which the atoms are arranged in sortie definite 
manner. The nature of this arrangement, that is to say, the 
structure or const it at ion of the molecule, is intimately connected 
with the valencies of the atoms of which it is* composed. 

The subjects of valency and structure, which have already 
been brielly referred to (pp. 206, 260), are most easily pre¬ 
sented by making use of a simple mechanical conception. 
Let it be imagined that the atoms in a molecule are held 
together by ‘ hooks ’ (or bonds); that univalent atoms are 
provided with one, bivalent atoms with two, tervalent atofns 
with three ‘hooks/and so on. Then, in order to represent 
the structure of a molecule in a diagrammatic or graphic 
manner, the symbols of those atoms which arc known to be 
closely associated are shown as if joined together by their 
4 hooks ’ (or bonds). Thus hydrogen being univalent and 
oxygen bivalent, the structural or graphic formula of water is 

written H — O — H or 0<r||; calcium and oxygen being both 


bivalent, the graphic formula ot calcium oxide is written 
Ca = O; hydrogen being univalent and nitrogen tervalent, 


ammonia is represented by the formula II — N* 


H " r 


H 

H. 


II 


The actual or relative positions of the ‘hooks' need not be 
considered, as the only immediate objects of such structural 
or graphic formula* are to show the valencies of the different 
elements, and to indicate which atoms are, directly combined 
with (or hooked to) one another. In all such formulas how¬ 
ever, the number of hooks or lines drawn from the symbol of 
any element must correspond with the known (or presumed) 
valency of that element in the particular compound which is 
represented. 

Now in any simple chemical change molecules interact in 
equivalent quantities (p. 176), and the quantities which are 



332 


CHEMICAL CHANGE. 


equivalent to one another depend on the valencies of the 
elements or radicles (p. 228) in these molecules. Thus when 
hydrogen .and chlorine unite together the change consists in 
the displacement of an atom of chlorine by an equivalent 
quantity of hydrogen, or vice verm, and one atom of chlorine 
is equivalent to one atom of hydrogen, because the elements 
are of the same valency, 

H Cl H Cl 

I + | = | + | 

H Cl Cl H 


In the combination of calcium oxide and water, there is a 
synple rearrangement of the atoms to form a new molecule, 
in which the bivalent calcium atom becomes united to two 
•univalent hydroxyl-groups, instead of to one atom of bivalent 
oxygen, 

Ca = 0 + O-: jj = Ca<°3® 


In the action of zinc on dilute sulphuric acid, the bivalent 
metal simply displaces an equivalent quantity of hydrogen, 
without otherwise disturbing the structure of the sulphuric 
acid molecule (p. 250), 


Zn 


+ H-O ,0 

H —o >k Ho 


H 

4- Zn 
If 



^0 


Although, regarded in this light, chemical change seems to 
be a relatively simple rearrangement of certain atoms, the 
cause of chemical change is not known. Experiments show 
that some elements are very inert, while others are very 
active; hut the reason of this great difference in behaviour 
has not yet been explained. Argon (p. 681), for example, 
does not form a compound with any element so far as is 
known, whereas * oxygen and chlorine combine readily with 
most other elements under conditions which are easily 
attained. Compounds, like elements, differ in activity. 
Some, such as silica (p. 292), may be classed as relatively 
inert, or as relatively stable; others, such as sulphuric acid, 
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may be classed as relatively active. In the case of com¬ 
pounds, however, the distinction is more or less arbitrary, and 
depends on the conditions under which the compound is 

The terms stable and unstable, which are so often applied 
to compounds, solutions, and mixtures, and even to elements, 
that is to say, to systems generally, are used to express the 
unreadiness or otherwise with which the specified system 
undergoes chemical or physical change. It should, however, 
he borne in mind that many systems appear to be stable 
merely because they are changing at a rate which is too slow 
to be observed. 

Thus glass is an amorphous substance and apparently quite 
stable at ordinary temperatures, but in the course of many, 
years it undergoes a very slow spontaneous change, becoming 
crystalline in structure. Its tendency to crystallise is probably 
opposed by its enormous viscosity; the particles of glass can 
move only by overcoming an enormous resistance. 

Again, a mixture of oxygen and hydrogen appears quite 
stable at the ordinary temperature, yet a trace of platinum 
may cause the gases to unite with measurable speed, and 
with an evolution of heat which may raise the mixture to 
its ignition-point.* The gaseous mixture of oxygen and 
hydrogen is really an unstable one, the spontaneous change 
of which is opposed by some internal condition analogous to 
friction or viscosity. The function of the catalyst, platinum 
(p. 233), has been likened to the effect of a lubricant on the 
axles and cogs of a machine, although this analogy is certainly 

a somewhat fanciful one. 

* 

Tim Influence of Temperature on Chemical Change. 

Although nothing is known as to the cause of chemical 
change, the conditions which hasten or retard chemical change 
have been carefully studied. Before dealing with the effect 

* The ignition-point is that temperature at which the initial flamelese 
combination heats the mixture until it inflames. 
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of, conditions, it must be explained that the speed or velocity 
of a reaction is expressed in terms of the quantify of substance 
which undergoes change in unit time. Bor any given con¬ 
ditions or temperature, pressure, &c., the speed or velocity 
depends on two factors: (a) on the velocity coefficient, 
which is measured by the rate of transformation of unit mass 
of substance, and (/>) on the quantify of the substance present 
in tho system considered. The velocity coefficient is inde¬ 
pendent of the quantity of substance. If, for example, 
ammonia could he heated under certain fixed conditions, the 
velocity coefficient of the, decomposition would bo the same 
no matter wind, volume of the gas were taken ; that is to say, 
uftit mass of substance, would undergo change at the same 
rate, or the same fraction of the substance, would he dec.om- 
posed in unit time. The speed or velocity of the* decom¬ 
position, however, would depend on the quantity of the gas, 
as explained later (p. 35“)). 

At this stage it is unnecessaiy to consider in what wav the 
speed or velocity of a reaction depends on quantity, and in 
speaking of the speed of any reaction it may he assumed that 
the quantity of substance is constant, and that the speed is 
proportional to tho velocity coefficient 

Now one of the more important conditions which deter¬ 
mine the speed of a chemical change is that of temperature. 
At very low temperatures, as, for example, at that of boiling 
liquid air (about, — 183 ), most chemical changes either do 
not occur or else take place very slowly. A reaction which 
progresses slowly at ordinary temperatures generally takes 
place more rapidly as the temperature rises, the speed or 
velocity of the change being often just about doubled for a' 
rise in temperature of 10 . But at higher temperatures still 
a point may he reached at which the original reaction does 
not occur to any appreciable extent. 

Thus at -- 80 J chlorine, has no action on pho, phorus, hut at 
ordinary temperatures flic two elements combine rapidly. 
Mcvwty and oxygen do not combine with any appreciable 
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speed at ordinary temperatures, hut do so at about 300°; at 
much higher temperatures, say at 600°, these elements have 
no appreciable action on one another. Again, hydrogen and 
oxygen do not unite to an appreciable extent at ordinary 
temperatures, but at 540 J they form steam with appreciable 
speed ; at 560', if mixed in suitable proportions, they combine 
instantaneously and practically completely, with explosive 
violence; at 2000' the union is less nearly complete; at still 
higher temperatures more and more of the hydrogen and 
oxygen remain free, and doubtless at the highest attainable 
temperatures hardly any combination between these elements 
would take place. On the other hand, nitrogen and magnesium 
ilo not react with appreciable speed at temperatures below* a 
red-heat, but the compound then formed is stable even at this 
highest temperature of tin* electric furnace. 

These examples show that the influence of temperature on 
chemical change, is very great, and the apparent contradictions 
which they present are explained as follows: Many chemical 
changes are m'n , sihl“; that is to say, the products of a given 
change may react under suitable conditions and give the 
original substances (pp. 86, 107). A change, in temperature, 
therefore, may not only alter the speed of a given reaction, 
hut it may at the same time lead to a more or less complete 
mental of that reaction by increasing the speed of the opposed 
change to an even greater extent. 

Thus when mercury is heated in the air combination with 
oxygen takes place slowly at about 300’, and the speed of 
the reaction increases as the temperature rises, say to 350°; 
at the same time this rise in temperature brings about an 
increasing tendency for the product to decompose into its 
constituents. As the temperature rises further, both the 
snood of formation and .the speed of decomposition become 
greater, hut the speed of decomposition increases much the 
more, rapidly. The result is that when a particular tempera¬ 
ture is reached, the speed. «»f decomposition becomes greater 
than the speed of formation; at this temperature the 
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mercuric oxide decomposes and the two elements do not * 
combine to any appreciable extent. 

In the case of the combination of hydrogen and oxygen 
the influeilco of temperature may be explained in a similar 
manner. At ordinary temperatures the speed of combination 
is inappreciable, but increases as the temperature rises; at 
560° the combination, which below this temperature takes 
place without the production of flame, becomes an explosion; 
the heat evolved by the more rapid union heats the mixture 
to its ignition-point , that is to say. the point at which it 
inflames. At 2000° the speed of the reverse reaction, namely, 
the decomposition of the steam into its elements, is appreci¬ 
able ; at higher temperatures still the speed of this decom¬ 
position may become so much greater than the speed of 
formation that the union is very incomplete. 

Otiieii Conditions which influence Chemical Change. 

The influence of pressure on chemical change is considerable, 
and is of especial importance where solids are being formed 
from, or are reacting with, liquids or gases; but these eases 
cannot at present be discussed. 

In addition to temperature and pressure, the physical state 
of a substance is a factor of much importance in conditioning 
chemical change. Reactions between solid substances usually 
occur very slowly, and as a rule it is necessary that at least 
one of the substances should be present in a gaseous, liquid, 
or dissolved state. Hence highly insoluble solid substance® 
which cannot easily be melted, as, for example, barium 
sulphate, are inert under ordinary conditions. It is perhaps 
the usual rule that a solid only takes part in chemical change 
in so far as it dissolves or volatilises, in which ease it may 
be supposed to undergo chemical change only in the din- 
solved or gaseous state. 
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CHAPTER XXXVIL 

Chemical Change. 

The Heat of Reaction. 

Tt lias already l>een pointed out. (p. 136) that when a 
chemical change occurs in any given system, the quantity 
of energy contained in the final, is different from that contained 
in the original, system ; a part of the chemical energy is 
transformed into heat, light, or some other form of energy 
which is dissipated, unless the system is isolated (footnote, 
p. 135). ** 

When a chemical change can he, so regulated that no form 
of energy except heat flows from the system to the exterior 
(or vice versa), then this output of heat represents the 
decrease in the internal energy of the system, and may he 
measured , the quantity is expressed in calories (footnote, 
p. 136) and is known as the heat, of react km, but in the 
case of the production of a compound from its constituent 
elements it is termed the heat of formation (p. 136) of the 
compound. 

In the practical determination of the heat evolved during 
a chemical change, the materials are usually surrounded by 
a considerable mass of water, so that the system starts at 
approximately the temperature of the surroundings. The 
chemical change is then started in a suitable maimer,* and as 
the change proceeds it gives out heat to, or absorbs heat from, 
the surrounding water, the temperature of which rises or falls 
in consequence. The heat capacity of the whole apparatus 
and the contained water is known, and thus the heat required 
to produce the observed rise in temperature is easily calculated, 
for the heat capacity of the material undergoing the chemical 

* As, for example, by ‘ sparking ’ (p. 298), or with the aid of a platinum 
wire heated electrically. 

Inurg. 


y 
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change is almost negligible in comparison with that of the 
apparatus. Since much lie;it might be lost to the surrouml- 
ings if the, apparatus were at any time much hotter or 
colder than the outside aii, it is necessary so to arrange the 
conditions that the observed rise or fall in temperature is 
small , as a rule nM more than one or two degrees. 

It is evident, therefore, that the heat of reaction, then 
measured, is the heat- evolution or absorption for the particular 
case where the reacting substances (in gram-molecules) and the 
products have the same (generally atmospheric) temperature.; 
consequently in all cases the term 'heat of reaction' is under¬ 
stood to imply these conditions. 

’When examined in this way, reactions may be classed 
either as eyofberwir, when the. heat of reaction is positive, or 
as i ?n<Iof/(f‘)-;iu’r f when the heat of reaction is negative. 

Now, broadly njf'a/iintf, those reactions which take place 
very violently are those which are strongly exothermic, and 
compounds which are formed from their elements by strongly 
exothermic reactions are generally stable On the other hand, 
those compounds which are produced from their elements by 
endothermic reactions are usually easily decomposed, and are 
often extremely explosive.* 

Further, a strongly exothermic 'reaction often proceeds 
spontaneously, or, if once started, often continues without, any 
further external supply of heat or other form of energy; an 
endothermic or a feebly exothermic reaction, however, often 
ceases unless there, is a continuous supply of external energy 
to the system. 

The latter general principle, to which, however, there are 
innumerable escej/tionn, may be illustrated by the following 
examples: 

1. When dry hydrogen sulphide is passed over dry iodine 

# It must not be tbouyht flint, mi '«*\plnsiv<-' necessarily an emto- 
thenmo coiiipouml »iunpuwdm, U>r I wu.iplf. js an explosive became the 
pyetem in capable ot uiivlurtpmij' n -.tron^ly . ,\othermic, luacium during 
which'a large volume of gaseous products is suddenly generated (foot¬ 
note, p. 241). 



CHEMICAL CHANGE. 


339 


(p. 412) at ordinary temperatures no appreciable reaction 
occurs. When, however, iodine is added t<» an aqueous solu¬ 
tion of hydrofoil sulphide a rapid action occur*, sulphur is 
deposited, and hydrogen iodide remains in solution. 

The reason of this dilference is that tho formation of 
hydrogen iodide? from iodine and hydrogel! sulphide at ordi¬ 
nary temperatures is an endothermic reaction, which may be 
represented by the expression, 

H a S +1 2 — 2HI + S — 7300 calories. 

To put this in another way : tho heat of formation of 
1 gram-molecule of hydrogen sulphide is greater than.the 
heat of formation of 2 gram-molecules of hydrogen iodide to 
the extent of 7300 calories, and the endothermic reaction ex¬ 
pressed above does not occur spontaneously. When, however, 
water is present in excess, the final results may be represented 
as follows, 

Il. J S(atpieous solution) + I L> = 

2TIT(aqueous solution) + S + 17,100 calories, 
or llgttaq * + L, 2HIaq + S +17,100 calories; 

that is to say, tho reaction in aqueous solution is strongly 
exothermic, and now proceeds without a supply of external 
energy. So much heat is developed by tho solution of the 
hydrogen iodide that tho presence of water in excess com¬ 
pletely alters the character of the reaction. 

2. At 100 J copper is not attacked hy dilute sulphuric acid, 
nor by oxygen at an appreciable rate, and sulphuric acid is 
m»t attacked by oxygen. Yet when copper is placed in dilute 
sulphuric acid mid oxygen is bubbled through the liquid, 
heated at 100°, the copper displaces hydrogen from the acid, 
forming copper sulphate,-and water is simultaneously produced 
by the union of the hydrogen with flic gaseous oxygen. * 

* The uxpreg'.urns IlJSiiq ami 21 llaq signify that tho quantities of tho 
compounds hero represented art* dissolved in a quantity of water sufficient 
to give the maximum thermal change (heat of solution, p. 308 ). 



340 


CHEMICAL CHANGE. 


The explanation of these facts is similar to that just given 
in the first example. The system [Cu, H 2 S() 4 aq] (loos not 
change spontaneously into [CuS() 4 aq + H 2 3, but when oxygen 
is added to the system the reaction, 

2Cu + 2H.,S0 4 aq + C) 2 = 2CuS0 4 aq + 2H 2 0, 

proceeds at an appreciable speed. The combination of the 
hydr ogen and oxygen to form water gives so much addi¬ 
tional heat that the system [2Cu, 2H 2 80 4 aq, 0 2 ] changes 
spontaneously. 

3. A solution of potassium permanganate (p. 450) is not 
actqd on by zinc, or by dilute sulphuric acid, or by hydrogen, 
at ordinary temperatures, but when zinc and sulphuric acid 
are placed together in a solution of potassium permanganate 
the latter is reduced, and, with excess of zinc and acid, the 
pink colour of the solution ultimately disappears. 

From these examples it may be inferred that in many cases 
at any rate a spontaneous chemical change in a system occurs 
only when the sum of the heats of reaction is positive and 
sufficiently large; also that a given final result may often 
be attained by com Inning in one system two or more 
reactions, one or more of which may lie incapable of pro¬ 
ceeding alone. 

The Nascent State .—It has just been mentioned that 
although potassium permanganate is not acted on by zinc or 
by dilute sulphuric, yet it is decomposed or reduced in 
contact with zinc and dilute sulphuric, acid. Presumably, 
therefore, it is reduced by the hydrogen which is generated 
during the interaction of the metal and the acid. But when 
hydrogen from a gas-holder or other vessel is bubbled 
through a solution of potassium permanganate, the gas does 
not act on the solution in any way whatever. 

These facts were at one time explained by assuming that 
when zinc displaces hydrogen from sulphuric acid, the 
hydrogen is actually but momentarily liberated in the form 
of atoms ; further, that these atoms are much more active 
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than the molecules, H 2 , of which gaseous hydrogen is known 
to consist (p. 196), and that it is these active atoms which 
attack the potassium permanganate. In ambiance with 
this assumption, hydrogen in this active atomic state was 
called nascent hydrogen, or hydrogen in the nascent condition 
(nascvns, beginning to exist),' since it was only at the niomcnt 
of its liberation (or at the beginning of its existence) that 
it occurred in this condition. 

Many other cases are known in which so-called nascent 
hydrogen , that is to say, hydrogen which is generated in 
presence of a substance, brings about a reaction which ordinary 
gaseous hydrogen, or molecules of hydrogen, cannot accom¬ 
plish. Several other elements, such as oxygen and chlorine, 
are also known to act rapidly on certain substances when 
they are generated in contact with them, but not when the 
elements are prepared separately and then brought into 
contact with these substances. The terms nascent oxygen, 
nascent chlorine, &c. were therefore used in relation to the 
elements generated under such conditions. 

Convenient though it may be to use the term ‘nascent’ 
to express briefly certain conditions, it is not necessary to 
assume that the action of a * nascent ’ element is due to it6 
existence in the atomic state. The occurrence of a reaction 
in one system and its non-occurrence in a totally different 
system requires no such explanation. 

Just as the heat of reaction of the system [H 2 Saq, I 2 ] is 
much greater than that of the system [II 2 S, IJ, owing to the 
occurrence of a physical change which is attended by a 
development of heat (the heat of solution of 2HI), so may 
the heat of reaction of the system containing zinc, dilute 
sulphuric acid, and potassium permanganate be much greater 
than that of the system consisting of hydrogen and potassium 
permanganate, owing, for example, to the development of 
heat which accompanies the formation of a solution of zinc 
sulphate from zinc and dilute sulphuric acid. 

In the following pages, therefore, the term ‘nascent’ is 
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applied to an element which is (presumably) generated in 
some reacting system, hut which, instead of being set free, 
immediately takes part in some other reaction in that system 
and does not appear as a iinal product. The term ‘ nascent.’ 
must not he taken to imply that the clement, so qualified is 
in the atomic slate v 

A consideration of the connection between the heat of 


reaction and the occurrence of chemical change led Ucrlhelot 
(in 1867) to the assumption that every spontaneous chemical 
reaction proceeds in that direction winch leads to lhe 
maximum development of heat (Iirrfhr/ot’s principle of 
meurimum heat). The heat of reaction was thus regarded 
as a measure of the chemical *•fiiuity of a reaction ; that is to 
say* it was thought that, the power urging a reaction in a 
certain direction was proportional to the heat of the reaction. 
It is now recognised that such a view is untenable, since 
innumerable cases are known in which endothermic reactions 


occur spontaneously. Nevertheless it, is generally true that 
where the heat changes are very great, the reactions proceed 
mainly in the direction in which heat is evolved. 

The identification of heat as a form of energy drew* 
attention very closely to this aspect of chemistry, and 
the fundamental fallacy in identifying the power behind a 
chemical change with the heat of reaction is not very easily- 
grasped, until it is thoroughly realised that the amount of 
heat which is yiren out by a system is not necessarily the 
same quantity as that which is produced trithin tin* system. 
Usually any chemical change results in the system being able 
to hold less or more heat, as such, than it held before the 
change, so that less or wore heat than is act natty produced, 
as such , within the system flows to the exterior. 

At the absolute zero of temperature no material contains 
energy in the form of heat; hence at this temperature tin- 
whole of the heat developed during a chemical reaction would 
flow out to the surroundings and appear as ‘heat of reaction.' 1 
At any other point on the thennometric scale, however, any 
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material contains that quantity of heat which it would yield 
if cooled to the absolute zero. 


If, therefore, two substances, A and 1>, react to form a 
third, C, then, in general, the total heat they wouM give to 
the surroundings, if cooled to the absolute zero from the tern- 
peraturo of experiment, varies with that temperature. For the 
<ake of clearness, assume that the quantities of heat they 


contain in virtue, of their temperature, say at O' C. or 273' : 


alisolute, are respectively, A, 20 calories; 1J, 25 calories; and 


(.■, 50 calories. 


The total for A and 1> 


45 calories, which 


is 5 calories loss than C contains at the same temperature. 
Thus were A and Ii to change into C in a bath maintained 
at 0 , then if the chemical change produced no appreciable 
amount of heat, the s\stem would absorb 5 calories from the 
bath, and the heat of reaction would be -5 calories. If 


the chemical change produced less than 5 calories of heat, 
the heat of reaction would still be negative and the reaction 


still ‘ endothermic,’ and only when the chemical change pro¬ 
duced more than X> calories would the heat of reaction become 


positive. It is obvious, therefore, that chemical affinity 
cannot bo measured, even approximately, by the beat evolved, 
but that when tin*, heat of reaction is so great that changes 
in the heat capacities of the reacting substances may bo 
neglected in comparison, then the heat evolution may bo a 
rough measure of chemical affinity. 

Thus in the case of reactions between solids, heat of 


reaction is probably more nearly a measure, of chemical 
alfinity than in the case of liquids or gases, as the specific 
heats of solids are very nearly additive quantities, and the 
products therefore have, nearly the same heat capacity as 
(he original substances. 

There, are. purely thermo-dynamic reasons for believing 
that at the absolute zero the heat of reaction is a measure 


• *f the tijfiniffi of a change, i.e. the maximal external work 

which could he obtained from the change. 

v 
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The Law of Hess. 

The direct method given above (p. 337) for the measure¬ 
ment of the heat of reaction is only applicable in the ease 
of those reactions (oxo- or endo-thermic) which continue, 
■when once they have been started, without a further supply 
of external energy. It is possible, however, by indirect 
methods to measure the heat ol’ reaction in other cases. 
Such measurements are based on an application of a general 
law (the law of Hess) that ‘ the change in infernal energy 
resulting from the eonrersion of one system into another under 
given initial and final coudit'ums is constant, atul is inde¬ 
pendent of all intermediate physical and chemical changes. 1 
Ad an illustration of this law the following example may bo 
given. 

Starting from a system of 1 gram-molecule of ammonia 
and 1 gram-molecule of hydrogen chloride, and an indefinitely 
large weight, say 100 litres, of water, all under certain 
conditions of temperature and pressure, it is possible to 
prepare a dilute aqueous solution of ammonium chloride in 
two ways. (1) I>y combining the two gases and then dis¬ 
solving the ammonium chloride in the water. (2) ily 
dissolving the two gases separately in two equal or unequal 
parts of the water and then mixing the solutions. Experi¬ 
ments have shown that the heat development is the same 
in the two cases if the final conditions of the solution are the 
same. In the first case? the combination of the two gases 
gives + 42,100 calories, and the solution of the solid ammonium 
chloride is attended by an absorption of — 3900 calories, so 
that the total heat development is +38,200 calories. In the 
second case the solution of the ammonia gives +8400 calories, 
and the solution of the hydrogen chloride +17,300 calories, 
and a further heat development of + 12,300 calories occurs on 
the solutions being mixed, so that the total is + 38,000 calories, 
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The results of such experiments may be expressed as 
follows, 


NH )fcil , ) +HCI (( „ ) :NH i CI (dM) + i2 > 100 < al S . 

NH 4 Cl (wli , 1) = NlI 4 Cl (IIl) -3900 cals. 

N H 3 (gas) + = ^ ^ 4 ^ y ^(aq) + 38,200 cals. 


Since the heat of reaction re] (resents the difference between 
the total internal energies of the original and final systems, 
while it is impossible to determine the whole internal energy 
of any substance or system, these differences may be ascer¬ 
tained experimentally and used to determine others which 
cannot be measured directly. 

The heat of formation of hydrogen sulphide, for example, 
cannot be measured directly because the two elements oftly 
combine very slowly and incompletely, and under conditions 
which preclude thermal estimations ; nevertheless the value 
may be deduced indirectly in the following manner. 

The heats of formation of water and of sulphur dioxide 
may be directly determined by burning weighed quantities 
of the* elements in excess of oxygen ; the values are respec¬ 
tively + 68,400 calories and +71,100 calories. 

The signs 2[H] and [O] being employed, for example, to re¬ 
present the unknown internal energies of a gram-molecule 
of hydrogen and of a gram-atom* of oxygen respectively, 
in calories, then from the' experimental data in the last 
paragra pi>. 


(«) 2[IT] + [O] = [II.,O] + 68,400 cals. 
(b) [S] + 2[0] - [SO.,] + 71,100 cals. 


The heat of combustion of hydrogen sulphide in excess 
of oxygen may also be determined experimentally, and may 
be expressed thus, 

(c) [II 2 S] + 3[0] = [H.,O] + [S0 2 ] +136,710 cals. 


* In these and other thermo-chemical expressions it is often tnoTc 
convenient to represent the quantities of the elements concerned by 
gram-atoms instead of by grain - molecules. 
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From these it is required to determine the valuo of 
(fl) 2[H]q [S] - [II,K]. 

It is merely necessary to substitute, in {(f) the values of 
2[H], [S], and [TLS], given by (a), ( h ), and (r). 

From (a) 2[H] = [11,0] — [O] + 68,400 cols. 

From (f>) '[S] -- - 2[f )] 4- [S< )„] ■( 71,100 cals. 

Therefore 2[H] + [S] _ [TU >] - 3[()] + [S<>,] + 130,7)00 cals. 

From (#•) [H.,S] - [TU)] - 3[()] + [SO J + 130,710 cals. 

Hi •lice, by subtraction, 

2[H] + [S] - [H,K] + 2790 cals., 

or the heat of formation of hydrogen sulphide (one gram- 
molecule) from free hydrogen and solid sulphur is +2790 
cajories.* 

The. beat of formation or heat of reaction is generally 
determined at ordinary room temperature, hut the result is 
not independent of the temperature by any means. If, 
however, tin* heat of reaction at any given temperature is 
known, as well as the specific heats of all the reacting sub¬ 
stances and products, then the heat of reaction at any other 
temperature may he calculated. 

Ill the case where any chaimes of state occur between the 

« n 

two temperatures, the latent heats of the changes must also 
he considered. 

Thus the heat of the lead ion, 

2H.,a Oo-2M.,() ll(J1II(1 (atoq, 
is 2 x 08,400 cals , or Q— 180,800 cals. 

Qi, or the heat requited to raise 2 gram-molecules of hydrogen 
+1 gram-molecule of oxygen from O' to 100", is 

2 x 100 > 0-823 cals.t-i 100 x 0 823 cals. =2017 cals, 
or the heat required to iaisp 2 gram-molecules of water at. 

* The hf-ats of formation of com poinds arc often expressed in large 
calories, units 1 <K*f> times as great as the small calories (footnote, p. 135) 
used above. 

t 0*823 cals is the nwtecvhir heat of hydrogen under constant, pres 
sure, that is, the heat required to raise* the temperature of 1 gram- 
molecule of hydrogen 1 * under constant pressure. The molecular heat 
oi oxygen is also 0-823 cals. 
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0° to water at 100" + the heat required to convert this quantity of 
water at 100' into steam at 100", is 

2 x 18 x 100 cals, +■ 2 x 18 x 530-4 cals.* =22,910 cals. 

Hence the heat of the reaction, 

2TT, M>,- 211,0,,,,,,,,,, (at 100) 
is Q -t Q, Q a = 115,9*17 cals. 

Since the heat of reaction depends on the physical state of 
n. substance, it follows that the different forms of an element 
have different heats of reaction under similar conditions; 
thus the, heat of formation of sulphur dioxide from rhombic, 
is less than that from monoclinic, sulphur. In like manner, 
sugar charcoal, graphite, and diamond have different heats of 
reaction when they are converted into carbon dioxide. 

The difference between the heats of formation of Cl*)., 
from one gram-atom of graphite and charcoal respectively 
evidently represents the difference in fho internal energies of 
these two allotropic forms—in other words, is equal to the 
heat of the allotropic transformation. 


CHAPTER XXXVIII. 

Chemical Equilibrium. 

T11 BUM A L I > IS*< >01ATION. 

One common result of an increase in temperature is to 
bring about the permanent decomposition of complex mole¬ 
cules into simpler ones, as in the decomposition by heat of 
potassium chlorate, copper nitrate (p. 242), and tartaric acid 
(p. 282). In many cases, however, the decomposition which 
occurs when the temperature is raised is reversed when the 
temperature is lowered again slowly, provided that the products 
remain in contact with one another : sulwtnnees (elements 
or compounds) which are affected in this way are said to 

* The Intent host <»f steam. 
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undergo thermal dissociation. Some typical cases of thermal 
dissociation may now be studied. 

Dissociation of Ammonium Chloride .—When ammonium 
chloride is fieatcd it is converted into a vapour which condenses 
again when cooled, giving pure ammonium chloride (p. 246). 
Now the density, of this vapour determined at temperatures 
above 350° and at atmospheric pressure is found to be about 
13'3; that is to say, the vapour is about 13*3 times heavier 
than an equal volume of hydrogen under the same conditions.* 
But the molecular weight of ammonium chloride, NH 4 C1, is 
53*5 (14 4-4 + 35*5), and therefore if the vapour consisted of 

NII 4 C1 molecules its density would be - — 26*7 (p. 197). 

* In order to account for the unexpected (or abnormal f) 
result for the vapour density which is obtained experimentally, 
and which is only half the calculated value, it must lie con¬ 
cluded that every NU 4 C1 molecule has decomposed into two 
molecules, probably into NH s and IfCl. If this were so, then, 
since equal numbers of molecules occupy equal volumes under 
the same conditions of temperature and pressure, the volume 
of the vapour obtained from a given weight of ammonium 
chloride would be twice as great, and its density half as great, 
as would be the case if the vapour consisted entirely of mole¬ 
cules of NTT 4 C1; that is to say, the experimental results would 
be satisfactorily accounted for. 

This conclusion, based on the results of vapour density 
determinations, may be confirmed experimentally in the 
following manner: A small quantity (say 1 gram) of 
ammonium chloride is placed in the glass tube of the 
apparatus shown in fig. 64 (p. 167) and heated until some 
of it vaporises. A stream of air is then gently blown 
through the inner porous earthenware tube (a), and a damp 
red litmus-paper is held in the escaping gas; the colour of 

* The method used in determining the vapour density is described later 
(p. 371). 

+ Compare footnote, ]*. 370. 
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the litmus soon changes to blue. At the same time a piece 
of damp blue litmus-paper previously placed inside the glass 
tube becomes rod. 

These results show that the vapour obtained by heating 
ammonium chloride is really a mixture of ammonia and 
hydrogen chloride. In the given apparatus the two gases 
have merely been separated from. one another to a small 
extent by the process of gaseous diffusion, in consequence 
of their different densities. As the density of ammonia, 
NII 3 , is 8*5, and that of hydrogen chloride, TICl, is 18*2, the 
rate of diffusion of the former is greater than that of the 


latter in the ratio of 


1 


1 


(p. 167). Therefore, as 


*/8-5 Vl'8-2 

the two gases are under the same partial pressure (pp. 16*4, 
167), a greJiter number of molecules of ammonia than of 
hydrogen chloride passes through the earthenware tube in a 
given time. Hence, since the mixture in the glass tube 
originally contains equal volumes of the two gases, after 
diffusion has occurred, the diffused gas contains some free 
ammonia, and the unditfused gas some free hydrogen chloride. 
If, on the other hand, the gases are not separated from one 
another while the mixture is still at a fairly high temperature, 
they unite to form pure ammonium chloride. 

These facts prove that ammonium chloride undergoes 
thermal dissociation, a reversible change expressed by the 
following equation, 


NIJ 4 C1^—>NH, + HCL 

In absence of every trace of water, ammonium chloride may lie 
vaporised without dissociation taking place (its vapour density 
is then 26*6), and ammonia and hydrogen chloride may lie mixed 
together without any combination taking place. Many other cases 
are known in which the presence of a traee of water is necessary 
for the occurrence of a reaction (decomposition or combination). 
Water, therefore, may he said to act as a catalytic agent in many 
chemical changes. A mixture of perfectly dry carl him monoxide 
and oxygen, for example, does not explode when it is sparked, 
Although it does so in presence of a trace of water. 
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Dimortal ion of Nitrogen Tetm.ri<lo.. —The almost colourless 
crystalline compound nitrogen totmxide, N.,(), (p. 11 HI), melts 
at. — 12° to a pale-yellow liquid (h.p. 2*2'), which gives a dark 
reddish-brown vapour when it is warmed ; those changes are 
reversed when the vapour is cooled.* 

The, results of. vapour density determinations show that 
this change in colour is due to thermal dissociation. At 150 r 
(under atmospheric pressure) the density of the (brown) gas 
is 23, which corresponds with that of a compound of the 
molecular formula NO., (M.W. - 40). At 26'', however, the 
density is 38, whereas that calculated for a compound of 
the molecular formula N.,< > 4 is 40. Hence at 20 ’ the vapour 
consists of a mixture of molecules of N.,() 1 and N(J»e- 
tvfeen 2G U and 150 the density gradually diminishes, but it 
becomes and remains constant for any constant tern pern lure 
and pressure,. 

Those results prove that colourless nitrogen tetroxide 
undergoes thermal dissociation, giving a brown gas, nitrogen 
dioxide, N0 2 , 

N. 2 < > 4 + -^ NO. + NO.,. 

1 vol. 1 vol. ■+• 1 vol. 


At temperatures considerably above 150" the molecules N() 2 
dissociate into oxvuen and nitric oxide, and at extremely 
high temperatures nitric oxide dissociates into its elements 
(p. 299). 


Dissociation of Calcium Carbonate .—When calcium car¬ 
bonate is heated in ail open vessel at a dull-red heat, say 
at 750°, it is completely decomposed into carbon dioxide and 
calcium oxide, but when it is heated in a closed vessel, so 
that the carbon dioxide cannot escape, a very different result 
is obtained. This can be proved by heating a considerable 
quantity of the compound in a metal tube whirl) is connected 
wiOi a pressure-gauge. A* 517 decomposition commences. 


* If H glftn bull* filled with the redd.dt brown glii at. oidimuy tempera* 
turns is ).pn>erse,d in a good freezing mixture, the contents of the bulb 
become almost colourless. 
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and continues until the pressure of the carbon dioxide 
becomes 27 mm., but the pressure, and therefore the volume, 
of the liberated gas remain constant so long as the temperature 
re,mains constant. On the solid being heated more strongly, 
however, a further quantity of gas is liberated ; thus at 610° 
the pressure rises to, and again becomes constant at, 47 mm.; 
at 812“ the pressure becomes equal to normal atmospheric 
pressure. At higher temperatures still, more gas is liberated, 
hut for every (constant) temperature the pressure of the 
carbon dioxide reaches a constant value. On the products 
being cooled s/otrlj /, the carlion dioxide is gradually absorbed, 
until tin* pressure corresponding with the lower temperature 
is reached ; below 547 practically the whole of the gas is 
absorbed. i 

These experiments prove, that calcium carbonate undergoes 
thermal dissociation, 

CaC0 3 ^-^CaO + CO.,. 

Many other compounds, as, for example, hydrogen iodide 
(p. 423) and phosphorus pentachloride (p. 544), undergo 
thermal dissociation. 

Dissociation of Sulphur. —The atomic weight of sulphur 
is 32 ; the value cannot be more than 32 because 1 gram- 
molecule of many sulphur compounds contains only 32 grams 
of sulphur (compare p. 1 UK). J\ T ow the vapour density of 
sulphur* at temperatures near its boiling-point (440°) and 
at atmospheric pressure is about 128, which corresponds with 
the molecular weight 256 ; hence at such temperatures the 
molecule of sulphur is S 8 (32 x8_ 256). As the temperature 
at which the vapour density is observed is raised, the value 
found continually diminishes until it becomes constant at 
about 1700’, and is tjhon 32, which corresponds with the 
molecular weight (it and the molecular formula S.,. When 
the vapour <d 1700 is allowed to cool, the molecules 8., 
combine to form molecules and finally solid sulphur 


•Determined by the method described later (p. H71). 
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is again obtained. This dissociation is expressed by the 
equation. 


Chemical Equilibrium. 


In all cases of dissociation, a decomposition which begins 
by taking place with considerable speed at a particular tem¬ 
perature .ny wms to cease after a certain time when the products 
of dissociation are not allowed to escape. Thus in the case 
of nitrogen tetroxide the density becomes and remains per¬ 
fectly constant under fixed conditions when only a portion 
of the gas is decomposed, and dissociation is incomplete over 
a considerable range of temperature. Similarly, when calcium 
carbonate is heated at, say, (>10 in a closed vessel, the pressure 
of the carbon dioxide attains a constant value, at which it 
remains no matter how much calcium carbonate is taken and 
however long the, heating is continued. 

Now it cannot be believed that, changes which commence 
with considerable speed at a particular temperature proceed 
only for a time and then come to an end. Tt seems much 
more reasonable to assume that the apparent cessation of 
change is re-ally the result of two opposed reactions which 
are taking place with equal speed ; that is to say, all change 
seems to he at an end because, in any given time, the weight 
of substance which is dissociated is exactly the same as the 
weight of that substance which is formed by the reverse 
reaction. 


This conclusion is fully confirmed by other experimental 
evidence. It can be proved that the changes are reversible 
and may be made to proceed in either direction ; also that, 
starting with a system consisting wholly of the undissociated 
molecules or with one consisting wholly of the products of 


dissociation, the same final result is ultimately reached if 


the different systems are brought to the same conditions 


of temperature and pressure. 
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When, for example, {a) ammoninm chloride is slowly heated to 
3(H)", and (6) equal volumes of hydrogen chloride and ammonia are 
mixed at 500° and then cooled to 300°, the pressure being the same 
in both eases, the iinal systems have the same vapoured cosily, and 
Lheiefore contain molecules of NH 4 (J1, HCl, and NH 3 in t he same 
proportions in the two cases. 

A system, such as one of the above, the composition of 
which remains constant owing to the occurrence of two 
opposed reactions, is said to be in a- state of equilibrium. 
The study of the conditions which determine the chemical 
equilibiium of a system is of the utmost importance. 

The Influence of Concent hat ion on Chemical 

Equilibrium. 

lu the examples of reversible chemical change classed *as 
thermal dissociations, a state of equilibrium is attained by the 
system, under constant conditions, owing to the occurrence ,ol 
two opposed reactions which are taking place with equal 
speeds. Now under those conditions at which dissociation 
begins, the reverse reaction (combination) must be taking 
place, for the moment, at a relatively smaller speed, otherwise 
decomposition would not be progressive. At the state of 
equilibrium, however, the speeds of these two reactions have 
become equal. It is now necessary to consider how this 
equality is established. 

For this purpose, attention may first be drawn to the 
reversible reaction which takes place between iron and steam. 
It has already been shown that steam is decomposed by iron 
at a red-heat (say at t n ), with formation of an oxide of iron, 
Fe 8 0 4 , and liberation of hydrogen ; on the other hand, this 
same oxide of iron is reduced by hydrogen at a red-heat (t°), 
with formation of iron and steam ; these reversible reaction** 
are expressed by the equation, 

3Fe + 411/.) < -> Fe 3 0 4 + 4H 2 . 

Now it is clear that in the first case the speed of the 
reaction expressed by reading the equation from left to right 

lnorg. W 
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must bo very much greater than that of the opposed change, 
'whereas in tin; second ease the relative speeds of these two 
reactions mpst he reversed. The question is, how is this 
reversal brought about? Consider what would occur if so the 
iron and water were heated together in a closed vessel at a 
red-heat (/'). At first a reaction commences which is 
expressed by reading the above equation from left to right, 
and after some time a* certain proportion of the steam will 
have been decomposed. As this decomposition progresses and 
the quantity of steam present gets less and Jess, tin; weights 
of oxide of iron and of hydrogen which are formed in unit 
time under given conditions will also continually decrease. 
But as soon as oxide of iron and hydrogen have been formed 
the reaction expressed by reading the equation from right 
to left also commences. At lirst the weights of iron and of 
steam which are produced in unit time can only be small, 
because so little oxide of iron and hydrogen are present in 
the vessel, hut as the quantities of the latter increase, so 
also will the weights of the iron and steam which are pro¬ 
duced in unit. time. 

Hence, starting with a system of iron and steam at any 
constant temperature at which the reaction is reversible, the 
speed of the one change gradually diminishes, while that of 
the other gradually increases. The consequence is, that after 
the system lias been kept for a suMicient time at the constant 
temperature, the two opposed changes will he taking place 
with equal velocity and a condition of equilibrium will have 
been attained, the composition of the system remaining 
constant 

As this condition of equilibrium is the result of two 
reactions which ‘ balance ’ one another, reversible reactions 
arc often termed balanced reactions. 

Now if, when equilibrium lias been attained, some of the 
hydrogen (hut not, the steam) present in the vessel could he 
removed, the weight of oxide reduced in unit time would 
be less than before; that is to say, the removal of the hydro- 
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gen would diminish the speed of the reaction from right. to 
left, hut would have no eifect on the speed of the reaction 
from left to right. Therefore, if from the v^sry first the 
whole of the hydrogen were removed as fast as it was pro¬ 
duc'd, the reaction would proceed from left to right as quickly 
as before, but the reverse change could* not take place at 
all. 'This is what happens when-steam is passed over red-hot 
iron ; in this process the hydrogen is swept away from the 
oxide by the current of steam as fast as it is formed. In an 
exactly parallel manner, the removal of some of the water 
vapour from the tube when equilibrium has been reaelied 
would disturb the equilibrium, and the weight of water de¬ 
composed in unit time would be decreased, while the velocity 
of the reaction fnim right to left would not be affected. 
Consequently heated oxide of iron may be completely re¬ 
duced by passing a stream of dry hydrogen over it, because 
the water vapour is swept away from the iron and the reverse 
reaction cannot take place. 

The general principle illustrated by this case is one of very 
grouL importance, as it applies in all reversible or balanced 
reactions, including those classed as thermal dissociations. 

Chemical change takes place between individual molecules 
which come into contact with one another or which them¬ 
selves decompose. When, therefore, the number of molecules 
of a gas, liquid, or dissolved substance in a given space or 
volume is increased, these molecules come into contact with 
one another more frequently in a given time, and greater 
numbers of them undergo change. To put this in another 
way: if the molecular concentration of a gas, liquid, or 
dissolved solid* is defined as the number of yram-molecules of 
that #n hut mice in unit volume , and the speed or velocity of a 
reaction is defined as the total chantje in molecular covcentra- 
tton. of one of the chatnjuttj mhxiauces in unit time, then any 
increase or diminution in the molecular concentration of a 

* Tlic molecular ooni’i'iit ration uf a .solid, xitcft, may be taken aa 
noijhtaiit. 
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substance which is taking part in a reaction produces an 
increase or diminution in the speed of that reaction. 

Applying Allis conclusion to the reversible reaction just 
considered, it may now be stated that, starting from a closed 
system of iron and steam, the speeds of the two reactions 
ultimately become the same because the molecular concentration 
of the steam gradually diminishes, while that of the hydrogen 
gradually increases. Similarly in cases of thermal dissocia¬ 
tion ; the molecular concentration of one or of both the 
products of dissociation, which at first is nil, gradually 
increases until it reaches such a value that the speed of 
combination equals the speed of decomposition. 

It follows therefore that if, at the state of equilibrium, 
the molecular concentration of one of the siihstane.es is 
changed by any means, tbe state of equilibrium is also 
disturbed. Similarly, if one of the products of a reversible 
change is added to a system which is giving that product, 
the reaction does not proceed so far as it otherwise would, 
hecauso the limiting molecular concentration of that product 
is reached at an earlier stage. Thus when ammonium chloride 
is heated in a vessel previously filled with ammonia, or with 
hydrogen chloride,, the dissociation is less, for a given tem¬ 
perature, than when the vessel is filled with air; in like 
manner, the dissociation of calcium carbonate is more limited 
when the compound is heated in an atmosphere of carbon 
dioxide than when it is heated in the air. 

Le Chatelier's Hole. —Systems in which solids are in 
equilibrium with gases or solutions, or in which liquids are 
in equilibrium with gases or vapours, are known as systems 
in heterogeneous «y nili.brmm. In all such systems, of the 
two reversible physical or ^j^^'ical changes which are 
taking place, one is exqf erni j c / the other endothermic. 

Thus in the equilibria jp re8eilt( yu by solids->-vapour, or 

liquid >- vapour, c ] m]Jfr( y from left to right is exo¬ 

thermic, that from to * left endothermic. In the equili¬ 
brium solid < —^.KiUtion, as alreudy shown (p. 308), the 
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change from left to right may he either exothermic or endo¬ 
thermic, hut the change from right to left is then endothermic 
or exothermic as the case may be. Similarly in the case of 
reversible chemical changes, such as the dissociation of cal¬ 
cium carbonate. 

Now in all systems in equilibrium, whether the system is 
heterogeneous or homogeneous, the result of a changes in the 
conditions is expressed by Le Chatelier’s rule, which may 
be stated in the following form: * When one or more of the 
fart on determining an equilibrium, namely, pr enure, tem- 
perature, or concentration, in changed, then the equilibrium 
automatically alien in the direction which tend h to neutralise 
the effect of that change .’ 

If, for example, the temperature of the .system is riiised 
by the application of external warmth, then those changes 
will occur within the system which tend to lower the tem¬ 


perature, that is, those associated with absorption of heat. 

Thus calcium carbonate dissociates with absorption of beat; 
consequently when a system containing calcium carbonate 
in equilibrium with lime and carbon dioxide is raised in 
temperature, more calcium carbonate dissociates, because in 
so doing it tends to restore the original conditions. The 
pressure of the carbon dioxide therefore increases as the 


temperature rises. 

Had the dissociation occurred with evolution of heat., tlion 


the opposite effect would be observed. Hydrogen iodide 
dissociates to a smaller and smaller extent as the temperature 
rises, and from this point of view endothermic substances 
must be regarded as increasing in stability with rise in 


temperature. 
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• CHAPTER XXXTX. 

Chemical Equilibrium in Aqueous 

Solution. 

Many reactions which occur in aqueous solution are 
reversible, and the direction in which any reaction proceeds, 
as well as the condition of equilibrium, then depends, as in 
other cases, on the relative molecular concentrations of the. 
substances concerned in it When, for example, nitric acid 
is ^dded to an aqueous solution of sodium < biocide and the 
solution is evaporated, the residue consists ( .f ; i mixture of 
sodium chloride and sodium nitrate , when this residue is 
dissolved in water, and again evaporated with nitric acid, and 
these operations are repeated several times, crystals of pure 
sodium nitrate are ultimately deposited. 

On the other hand, when a solution of sodium nitrate is 
repeatedly evaporated with hydrochloric acid in the maimer 
just described, a residue of pure sodium chloride is JinuHy 
obtained. 

These facts show that the reactions, 

NaCl + Hi\O s ^^ XaN<). + IlOJ, 

are reversible, and the results in the above two cases are in 
accordance with the general principle already explained. 

On aqueous solutions of sodium chloride and nitric acid being 
mixed together, the reaction proceeds from left to right until 
a condition of equilibrium is attained ; on evapoiating, the 
volatile nitric and hydrochloric acids pass away, and there 
remains a mixture of the two salts. < >n nitri** acid being again 
added, a further quantity of sodium chloride is converted into 
nitrate and a new equilibrium is reached; on evaporating, a 
further quantity of hydrochloric acid volatilises and sodium 
nitrate is deposited. Finally the change is complete, and the 
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more rapidly, the greater the relative concentration of the 
nitric, acid in each operation. For exactly similar reasons 
sodium nitrate is changed into sodium chloride when it is 
repeatedly evaporated with hydrochloric acid.* * 

This example illustrates the fact that the complete change 
of one salt into another by the action of an acid, that is 
to say, the complete displacement of one acid by another, 
depends on the removal from the'system ot the acid which is 
being displaced, or of the salt winch is being formed. 

For this reason nearly all acids decompose carbonates. 
The eaibonic acid which is first produced by a reversible 
double decomposition, 


Na,C( > a + 2 HOI ^—> 2N aCl +1000,, 

decomposes into carbonic anhydride, which escapes as a gas, 
and water; the reverse action, namely, the decomposition of 
sodium chloride hy carbonic acid, is thus almost entirely 
prevented, so that the. reaction proceeds continuously in 
tin; one direction. The liberation of carbon dioxide from a 
carbonate is therefore used as a test for an acid. 

Sulphuric acid is far less readily volatile than nitric, acid or 
hydrochloric acid; hence sodium nitrate and sodium chloride 
are decomposed completely when they are heated with excess 
of sulphuric acid, hoo.auso the removal of the volatile acid 
prevents the occurrence of. the reverse reaction. Sodium 
chloride or .sodium nitrate cannot be obtained by evaporat¬ 
ing sodium sulphate with hydrochloric or with nitric acid; 
although in aqueous solution the reversible action. 


Nn ;: «< > 4 + HC1 NnCl + NaHSO* 

occurs, the hydrochloric acid volatilises on the solution being 
evaporated, and the reaction proceeds from right to left until 
the whole of the sodium chloride is d< composed. Sodium 


* Tht! fact that hydrochloric and nitric acids decompose one another 
(p. 236) may he loft out of consideration, as this decomposition makes 
no essential difference to the argument. 
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silicate, however, may be, obtained by strongly heating sodium 
sulphate with silica (p. 292), 

• 4- Si(->- Na^iOg 4- Si Ijj, 

because sulphur trioxide is volatile, while silica is not. 

The liberation of ammonia from its salts (p. 268) by the 
action of calcium hydroxide or sodium hydroxide depends on 
this same general principle. The reactions, 

2XI1 4 CI + Ca(OH).,^— >OiCl 0 + 2XII 4 (()II) 
and XH.Cl + KaOlI ^-^XuCl + XII,(( >11), 

are reversible in aqueous ‘-olution, but as ammonium hy¬ 
droxide decomposes readily, giving ammonia, which escapes, 
and water, on an ammonium salt being heated with excess of a 
fijfed alkali (p. 268) the reaction proceeds from left to right 
until the whole of the salt is decomposed. 

The complete decomposition of a chloride when its aqueous 
solution is treated with excess of silver nitrate (p. 149), and 
the complete decomposition of a sulphate, when its aqueous 
solution is treated with barium chloride (p. 227), offer further 
illustrations of this general principle. In these reaclioj s, 

NaCl 4- AgXO, r_ NaXO, + AgCl 
Xa L ,S< > 4 4- baCl, - 2XaCl 4- 15nS0 4 , 

one of the products is inmhiblr, in the liquid present, and when 
it separates in the solid stale the result is essentially the 
same as if it had been removed altogether, as its molecular 
concentration is practically nil. Hence in all cases in which 
an insoluble product is formed from two soluble substances, 
the reaction proceeds practically to completion. 

Although barium sulphate is almost insoluble in water, it 
is slowly converted into barium carbonate when it is heated 
with a large quantity of a concentrated aqueous solution of 
sodium carbonate, 

BaS0 4 4- Xa 2 C0 3 ^—> BaCX> n 4- Na,S< ) 4 . 

This is due partly to the fact that one of the products, namely, 
the barium carbonate, is even less soluble than the sulphate, 
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and consequently, although the latter is only slowly attacked, 
the change from right to left takes place still move slowly; 
also to the fact that the concentration of t he sodium carbonate 
always greatly exceeds that of the sodium sulphate. 

Hydrolysis. 

There are so many chemical changes in which water plays 
a part that the term hydrolysis is used to denote any reaction 
in which water undergoes double decomposition (p. 147) ; as 
a result of such changes the water molecules are resolved into 
hydrogen atoms and hydroxyl-groups (p. 250 , and these por¬ 
tions of the water molecules are both lixed in the products 
of hydrolysis. 

When, for example, phosphorus trichloride (p. 543) is 
treated with water it is hydrolysed, or undergoes hydrolysis : 
each of the three chlorine atoms is displaced by a univalent 
hydroxyl-group ( — Oil), hydrogen chloride and phosphorous 
acid being formed as products of hydrolysis, 

PC1 3 + 311/) - 3HC1 + P(OH) 3 . 

The decomposition of water by an element, such as sodium 
(p. 253), is not a process of hydrolysis, hut the term might Iteapplied 
to the combination of an anhydride or of a basic oxide with water, 
as the elements of water are fixed in the product. 

Some hydrolyses are not- appreciably reversible reactions, 
as, for example, that given above, hut many are reversible; 
in the latter ease the direction in which the reaction pro¬ 
ceeds and the condition of equilibrium depend on the relative 
molecular concentrations of the substances hiking part in the 
change. 

Thus when bismuth trichloride (p. 570) or antimony tri¬ 
chloride (]). 564) is treated with water hydrolysis occurs, and 
in each case two atoms of chlorine are displaced by hydroxyl- 
groups, 

BiCl., + 2H/) v 2TTCI + BiCI(OH)., 

SbCl 3 + 2H“C> <—v 2I1C1 + SbCl(OH)‘ 2 . 
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The primary product of hydrolysis in Inith cases is unstable, 
and decomposes, giving a precipitate of bismuth oxychloride 
or of antimony oxychloride as the ease may be, 

BiCJ(OH) 2 - BiOCl + H..O 
SbCl(OTI)o=-SbOCl+lf ? 0. 

As these secondary products are insoluble in water, hydro¬ 
lysis is practically complete in presence of a large excess of 
water ; but if hydrochloric acid is added in excess, the pre¬ 
cipitated oxychlorides are reconverted into the trichlorides, 

BiOCl + 21 fCl - IJiCl.j 4- HjjO, 


anjl the hydrolysis of the trichlorides is prevented hy the 
increased eoneentration of the hydrochloric acid. Conse¬ 
quently both tins trichlorides dissolve in concentrated hydro¬ 
chloric acid without undergoing hydrolysis. 

Many other salts are hydrolysed by water. In some, as 
in the above cases, an insoluble product is formed, and conse¬ 
quently when excess of water is used the change is practi¬ 
cally complete. 1 Hit in others, in which the products of 
hydrolysis are soluble, the change, which is of course incom¬ 
plete, can only he detected hy examining the solution in some 
appropriate manner. 

Many carbon eonqnnmds offer excellent illustrations of the 
phenomenon of hydrolysis. 

Thf‘. Law of Mas* Action .—The idea of chemical equi¬ 
librium was first, brought forward by Berthollet (1733), who 
also recognised the, fact that the condition of equilibrium 
depends on the relative concentrations of the substances taking 


part 


The law relating to such phenomena was first 


clearly formulated by dnldhcrg and Wnage (]H07) and is 


known as the law of mass action ; as it was based on a 


study of reversible double decompositions, it may he explained 
by considering a reaction of this type. 

When two substances, A and B, arc transformed hy double 
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decomposition (or double substitution) into two new sub¬ 
stances, A' and 1 and uudc;r the same conditions, A' and 
IV can trnnsfoi m themselves into A and B, neither change is 
complete. At the end of the reaction the four Substances, 
A, B, A', IV, are all present. 

When equilibrium is attained the speed a of formation of 
A' and iV is equal to that of the formation of A and B, 
because the two reactions are proceeding with equal velocity. 
At any constant temperature the reaction velocity depends on 
(1) the retinol y coefficient of the reaction, which is deter¬ 
mined by the nature of the substances concerned ; (2) the 
net ire ntfissr* of the substances A and B, or A' and IV, that 


is to sav, their concentration* as measured by the number of 
gram-molecules in one litre of the mixture.* § 

N«»w it was shown by Ouhlberg and Waage that the 
reaction velocity is proportional to the product of the active 
masses of the two interacting substances, A and B, or A' and 
IV. If then the velocity coellicient of the direct reaction is 
/.*, and the molecular concentrations of A and 11 are ry and <\ £ - 
respectively, the velocity (/’) of this reaction is r — k'\c. 2 . 
Similarly, if tin*, velocity coefficient of the reverse reaction is 
//, and the molecular concentrations of A' and IV are ry' and 
c 2 ' respectively, then the velocity (r 1 ) of this reaction is 
// = 7/CjV./. At any moment the total speed of formation of 
A' and B' is given by the. difference between the speed 
at which they are being formed from A and B and the 
speed at which they are changing into the original sub¬ 
stances A and B; this difference is represented by v — r 
-- /lA'jV./. 

At equilibrium the total speed of the reaction is 0, the 


* The term aotivi ims^ «• r molecular concentration is only used in 
reference to the number of mnleeules of a substance in the gaseous, liquid, 
or dissolved -tiite; the active mass of a solid may he taken as constant as 
regards its influence on the equilibrium, because the concentration of a 
solid in a solution, or of the gases it gives off, is constant at equilibrium at 
any fixed temperature, and it is on the dissolved, gaseous, or liquid sub¬ 
stance that the velocity depends. 
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lirccfc and opposed mictions having equal velocities, so that 
here 




/ t 


fey- l/c/rj = (), or , = 1 - J 
12 12 ’ k ry\, 


and since A: and // are constant for any given temperature, 
7i“ c v. 

then and therefore - 1 - J is also constant, no matter what 
k ’ c T r a ’ 

were the quantities of A, ]J, A' and \> originally present. 

k 

This value -p (usually represented hy K) is cal leal the 


pquilihrium conufnuf of the reversible reaction, and may he 
determined experimentally by ascertaining the composition 
uf the mixture, that is to say, the values of <y r\„ c/, c k J at 
Ifiie condition of equilibrium. 

The foregoing discussion deals with the simple case in 
which only one molecule of each of the reacting constituents 
takes part in the direct and opposed reactions. When the 
equation representing the reactions involves more than one 
molecule of each of the reacting constituents, say n lf n. 2 , and 
riy and w 2 ', 

MjA + nj\ - »j'A' + n 2 'I>\ 


then the velocities are to be represented as 


v = kc l n ic 2 n 2 and v = k'c i >n *c 2 ,n ? 1 
and at equilibrium 


JV — ~Z~~, — ‘ ‘“- s I 

k r i" ir 2 


and this law applies as strictly to those reactions which occur 
instantaneously as to those which proceed with measurable 
speed. 

The application of the law of Goldberg and Wo age to one 
or two cases already dealt, with may he pointed out. In the 
equations which are used, the, concentrations of the reacting 
molecules are indicated by letters underneath the respective 
formula. 
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(a) The dissociation of calcium carbonate, 

CaC0 3 — Cat) + C0 2 


Here = CjCil , but, as Ca(X) 3 and CaO are solids, tluiir 

A 

active masses c l and are constant at any given temperature; 
hence the equilibrium equation may be written, 

K = c • 

or the concentration of the carbon dioxide above a mixture 
uf lime and calcium carbonate is constant at equilibrium ; 
hence its pressure, too, is constant for any given temperature. v 
In cases of dissociation K is known as the 'dissociation 
constant.’ * 

(/>) The equilibrium between Fe, Fe a 0 4 , H.,(), and II 2 , 

3Fe + 4H,0 = Fe,() 4 + 4II 2 


f f* 4 

Here K = 4 ; but as <* 3 and are constants, Fe and Fe 3 0 4 

( ‘l C '2 


C “ c 

being solids, it follows that and therefore — is constant. 

/» * /• 

f •> 


In other words, at equilibrium the ratio of the concentrations 
of the steam and the hydrogen is always the same at any 
given temperature. 

(c) The dissociation of nitrogen tetroxide, 


N a ( ) 4 = N() 2 + N0 2 


^2 


r, 2 

Here K --= J- at a fixed temperature. The ratio of c., to 

r i 

is not fixed, but depends on the absolute concentrations of 
the gases; in other woijds, it varies as the mixed gas is more 
or less compressed. 


# This ia argument in a circle, certainly. The case is used, however, 
only to show that the conclusions arrived at are consistent with the 
facts. 
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(il) The, dissociation of hydrogen iodide, 


new K--'* 
'V 

equimolecular 
r., — c v and K 


IlI + III - 1I,+ I, 

<i <‘i ( ‘-j ^ 

Starting with pure hydrogen iodide or with 
proportion* of hydrogen and iodine, then 
so tili:it ^ is also constant. In other 

r - r 


words? the ratio of hydrogen to hydrogen iodide is constant 
at constant temperature, and therefore compression, expansion, 
or dilution with an inert g;is does not affect the proportion of 
the gas winch is dissociated. This is true m all instances 
where the number of gaseous or dissolved molecules on each 
Side of the chemical equation is the same. 

An increase in the hydrogen concentration, other things 
being equal, will of course result in an increase in the con- 
central ion ot the hydrogen iodide at the expense of tins free 
iodine vapour. That is, the amount of dissociation is decreased 
in presence of excess of one of the products of dissociation. 

Hence it is that many substance* which have an ‘abnormal : 
vapour density (footnote, p. .'570) owing to the occurrence of 
dissociation give a nearly normal value, when vaporised in an 
atmosphere of either of the products of their dissociation, 

(e) The dissociation of phosphorus pontaohloride, 

PC Jr, : PCI., + Cl., 


Here K- or ' 1 — — /*.„ or the. ratio of undissociated phos- 


r.,r r, 1 

r i r 2 K 

phorus pentaohloride to phosphorus trichloride is proportional 

r 1 

to the concentration of the free chlorine. Similarly J 

or the ratio of undissociated pcntnehloride to free chlorine is 
proportional to the. free trichloride Hence nearly normal 
vapour densities are obtained on vaporising phosphorus 
pentaohloride in an atmosphere of either chlorine or of phos¬ 
phorus* trichloride. 
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CHAPTER XL. 

Osmotic Pressure. 

When a glass vessel tilled with spirits of wine i.s closed with 
a bladder and the whole is then immersed m water, the bhuldei 
expands, indicating an increase in the contents of the. vessel, 
and may hurst as the result of the increase of internal pressure. 
Further, when two different liquids, such as water and a 
solution of a salt, arc separated by an animal membrane, 
there, results a change in level, the salt solution increasing in 
quantity at tin; expense of the water. * 

In these experiments the water passes freely through the 
animal membrane, hut the dissolved substance does not, except 
to an inappreciable extent. 

Any partition, such as animal membrane, through which 
some substances, but not others, can pass, is termed a wnu'- 
pt rinvahla partition or diaphragm. Various semi-permeable 
partitions much more efficient than animal membrane can 
be prepared. 

When a drop of a concentrated solution of potassium ferro- 
cyanide (p. 7Ob) is candidly placed in a very dilute solution 
of copper sulphate, tin* drop is immediately surrounded by a 
coherent film of insoluble copper ferroevanide, which is formed 
by double decomposition. This him is a semi-permeable 
partition ; it is impervious to the two salts from which it has 
been produced, but water from the external dilute solution 
passes through it freely, and there soon results a jtrtwinr 
which causes the film to burst. The liquid emerging at once 
forms a new him, which in the course of time bursts, and by 
a continuation of these processes a branched mass of consider¬ 
able size is ultimately formed. 

In order to measure, the pressure in cases of this kind tli 5 
semi-permeable film must be artificially supported ; this is 
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accomplished by producing the film or partition in the walls 
of a clean, porous earthenware pot or ‘cell.’ 

The cell first soaked for some hours in a dilute solution of 
copper .sulphate; it is then washed out with water, filled with a 
dilute solution of potassium fcrrocyanide, and allowed to stand 
in a solution of copper sulphate. In this way a semi-permeable 
partition of copper fcrrocyanide is formed within the porous 
earthenware. 

If various solutions are successively placed in such a cell 
and the mouth is closed with a perforated rubber stopper so 



Fig. 90. 

that the interior may he connected with a pressure-gauge (or 
manometer), then on placing the cell in water the increase in 
pressure which is observed may he measured. 

This pressure is called osmotic pressure, and the values for 
the osmotic pressures of solutions arc strikingly large. Thus 
even with 1 per cent, solutions, osmotic pressures of two 
or thiee atmospheres are obtained with salts and other elec¬ 
trolytes, and pressures of more than half an atmosphere with 
cane-sugar, but only small pressures are given by solutions 
of certain amorphous materials, such as gums. 

AqueoUs solutions which produce the same osmotic pressure 
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ire called isotonic, and all such solutions, when separated from 
me another hy a sciiii-permcablo membrane, are in equilibrium 
with one another. 

# 

Methods for determining whether or not solutions are isotonic 
nave been devised, and among the more interesting is that based 
m the observation that when living cells are placed in strong salt 
solutions, the protoplasmic contents appear to withdraw from the 
side of the cell (plasmolysis), as shown in fig. 90. 

The reason appears to be that the protoplasm is covered by a 
ernbrane which resembles those formed by precipitation and is 
pervious to water hut impervious to most dissolved substances. 
The contents of this membrane contain dissolved substances, and 
if placed in salt solutions of high concentrations they lose water 
and contract, while in more dilute solutions their tendency would 
rath jr be to expand. Solutions of substances soluble in water may 
be made and diluted with known quantities of water until tfiey 
just cause plasmolysis with similar cells; these are then nearly 
isotonic ’ with the cell contents, and therefore with one another. 
Blood cells, as well as plant cells, may be used. 

Osmotic pressure increases with temperature, and is pro¬ 
portional to the absolute temperature; hence solutions 
which are isotonic at low, are also isotonic at higher, tem¬ 
peratures. 

The osmotic pressure of any solution is proportional to 
the weight of dissolved substance in a given volume of the 
solution ; further, quantities of different dissolved substances, 
which are in the ratio of" the molecular weights of these 
substances, produce equal pressures at equal temperatures. 

The molecular weight of a dissolved substance may there¬ 
fore bo determined hy measuring the osmotic pressure of a 
solution containing a known weight of that substance, and 
comparing the value with that obtained at the same tempera¬ 
ture with a solution of a given weight of some substance of 
known molecular weight. 

The. measurement of osmotic pressure, however, presents 
considerable difficulty, and therefore this method of determin¬ 
ing molecular weight is little u«od. Moreover, it is much 
easier t• > determine other values which are nropoTtional to 

loan. X 
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osmotic pressure, such ns tin; depression of the freezing-point, 
or the elevation of the boiling-point. 

The most important theoretical result of a study of osmotic 
pressure is that the osmotic pressure of a substance is the 
same as the gas pressure which it would exert if it existed as 
a gas in the same volume at the same temperature in absence 
of the solvent (van’t Hoff’s Law). In other words, the laws 
of Boyle (p. 154) and of (Jay-hussar or Charles (p. 158), and 
Avogadro’s hypothesis (p. 193), apply to dissolved substances 
if osmotic pressure is used instead of gas pressure. Thus a 
1 per cont. solution of cane-sugar (M.W. 342) contains 224 


224 

grams or = 0 - 65 gram-molecules 


normal temperature it exerts an osmotic pressure of 0*65 of 
an atmosphere. 


CHAPTER XLI. 

The Determination of Molecular 

Weight 

In some of the cases of dissociation which have just been 
considered, and in others which will be referred to later, the 
principal or the oidy evidence of the occurrence of dissocia¬ 
tion is afforded by vapour density determinations.* The 
results of these determinations show that the vapour density 
varies witli the temperature, which would not he the case if 
tlie number of molecules in the vapour remained constant, or, 
in other words, if the molecular weight of the substance 
underwent no change. The great importance of a know- 

* Substances which dissociate are still sometimes spoken of as having 
abnormal vapour densities, because when tlioir densities were first, ex¬ 
amined, and lwfore the occurrence of dissociation hud been recognised, the 
values obtained experimentally differed from those which were calculated 
from the known tor probable) molecular formula;, and therefore seemed to 
be abnormal. 
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ledge of molecular weight, has already been pointed out,, and 
the methods used in determining the vapour density, and 
therefore also the molecular weight, in the case of a gas or a 
readily volatile liquid or solid have been described (pp. 159, 
!(>()).* It is obvious, however, that these particular methods 
are limited in their application, and could not be conveni¬ 
ently used in the case of substances of high boiling-point, or 
of those which decompose without vaporising. 

Fortunately other ways of determining molecular weight, 
applicable in such instances, are known. 

Victor Meyer's Method for the Determination of 

Vapour Density. 

When n substance vaporises, but does so only at a ■rela¬ 
tively high temperature, its vapour density (and from this 
tlie molecular weight) is determined b\ a method devised 
by Victor Meyer. 

The principle of iln-' method is to convert a wished 
(jtundiftj of the substance into vapour very rapidly, ami ill 
such a way that the vapour displaces its own volume of air; 
the rotiMh' .»f the. displaced air, winch is equal to that of the 
vapour under any ’conditions of temperature and pressure 
common t,o both, is then measured. 

The apparatus is shown in fig. 91. The bulb tube («, b) is 
closed (at a) by means of* a rubber stopper, and is heated by 
the vapour of some liquid of constant boiling-point t con¬ 
tained in the outer vessel (c) ; as the air expands it escapes 
through the narrow' tube- (d) y which dips under the waiter in 
the vessel (c). As soon as the temperature of the bulb tul>e 
(n, b) becomes constant—that is to say, when bubbles of air 
cease to escape from (d) —the graduated tube (y) is filled with 
water and inverted over the end of (d) ; the stopper (ft) is now 

* Tlid method givon there (p H>0) for use in the ease of readily volatile 
substances is known ns Duma*' Htttlmti. ' 

1 In determining the vapour density of suhstnuecs of high boiling-point,, 
diphcnylamine (b.p. tflO") or sulphur (b.p. 44N“) may he used, or the bulb 
tube {ah) may be heated at a constant temperature in a metal hath. 
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removed, anil a small bottle or bull) completely filled with a 
weighed quantity (about 0 05 grain) of the liquid is dropped 
into the apparatus,* the stopper (a) being replaced as quickly 
as possible. r i.'lie substance immediately vaporises, and the 

vapour forces some 
of the air out of the 
apparatus into the 
graduated vessel ((/). 
When air ceases to 
issue from (d), the 
stopper (o) is at 
once taken out to 
prevent the water in 
(>•) from being sucked 
back into, tbe appa¬ 
ratus. 

Tile volume of the 
vapour is ascertained 
by measuring the 
volume (r) of the air 
ill the graduated 
tube, its temperature 
(t ) and tbe baro¬ 
metric pressure. (T>) 
being noted. Tbe 
volume of tbe air in 
Fig. 91. ({/) is not the same as 

that actually occupied 
by the hot vapour in («, //), because tbe displaced air has lieeu 
cooled, and is measured under a different pressure. Its 
volume now is equal to Had which the given weight of vapour 
would occupy under the wrote conditions of temperature and 
pressure. 

Tbe temperature of the volume, /*, of air being /°, and tbe 

b» nnlr-i )'■ prevent fracture, a little dry usbefstoH, giants-wool, or Hand 
is placed mi P>'. 
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height of the barometer B, the volume at ISYf.P. would he 


v x 


273 B-T . . . . f 

- x ■ , I being the tension oi aqueous vapour at 


273 + //' 700 

(p. 156). The weight of an equal vuluino of hydrogen at 
■N7f.I\ is thciL.culcuIa.tcd and divided into the weight of the 


substance taken ; the vapour density is’ thus obtained, and 
from it the molecular weight (compare p. 204). 


The liquid in (r) should have a boiling point at least 25° higher 
than that of the substance of which the vapour density is requited 
in order that the latter may be rapidly vaporised—otherwise its 
vapour may condense again higher up the tube. If, as is generally 
tins case, the tempeialuit of the aii in the tube («, b) is lower at the 
top than at the Imttom, this is of no consequence ; nor does it 
matter if the displaced air is colder than the vapour, or i& the 
vapour is cooled a little while it is displacing the air. This is 
because any diminution in the volume of the air displaced from the 
tube {a t b) arising ftom these causes is exactly compensated for 
during the subsequent* cooling to the lower the original lem- 
perntme, the smaller the subsequent contraction. If, for example, 
the hot vapour measmed 25 c.c. at 250’, but. only displaced 24‘04 c.c. 
of aii owing to the latter being of the average tempciature of 230°, 
the 24*04 c.c. of air at' 230° would oecupv the same volume as 23 c.c. 
at 250’ if Uitli were cooled to t . 


Hofmann’s Method fok the Determination op 
Vapour Density. 

The principle of this process is to convert a weighed 
quantity of substance into vapour in the Torricellian vacuum 
(footnote, p. 17), and then to measure the rolume of the 
vapour under known conditions of temperature and pressure. 
A graduated barometer tube (a, b y fig. D2), about 85 cm. long 
and 35 mm. wide, Idled with and then inverted iu mercury, 
is surrounded by a wider tube (r), through which the vapour 
of some liquid boiling at a known and constant temperature 
is passed.* For this purpose the upper end of the outer tube 

I * The liquids commonly employed hit wah r (b.p. 100°), xylene (b.p. 140°), 
aniline (b.p. 183°), and ethyl lxMixoatc (b.p. 213"). 
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(r) is connected with a vessel (rf), usually made of copper, 
containing the heating liquid, which is kepi, in rapid ehulli 
tion. The etyidensed liquid escapes through the side-tube (c). 

As scon as the barometer tube is at a constant tempera Lure, 
a weighed quantity (about (H)f> gram) of the substance con- 

• tained in a small stop¬ 

pered vessel, which it fills 
completely, is placed under 
the open end (/>). The 
vessel immediately rises to 
tin' surlace of the mercury 
in the tube, the stopper is 
blown out, tbe slibsfaiiee 
vaporises into the Torri¬ 
cellian vacuum, and the 
mercury is forced down¬ 
wards ; as soon as the 
level remains stationary, 
the millin'- of the vapour 
is noted. The Imifu rnfm r 
of tin 1 vapour is the 
boiling point of the liquid 
employed to heat the baio- 
meterlube. The jin-nsurf 
is determined by siihtaact¬ 
ing the height of the 
column of mercury in tin* 
inner tube (a. A), above 
the level in the 1 rough, 
from the height of the 
barometer, both readings having been first reduced to 0 
I lie, y)eujht, of the vapour is that of tie substance 
taken. 

Urn great advantage of this method lies in the fact that it 

Fur this )■ ai j>c»se a correction must lw in:nhj foi the expansion of the 
ineifury. 



Fig. 92. 
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affords a moans of determining the vapour density of sub¬ 
stances mnloi greatly rwlnrct) prrxs-nrcf f, and therefore at 
temperatures very much below their ordinary boiling-points; 
lienee it is often possible to determine the vapour density of 
a substance which would decompose if it were heated under 
atmospheric pressure. 

Determination of Molecular AVekjiit ry tiie 
C nYoscior io M etiioi >. 

lor ascertaining the molecular weight of a substance ■which 
cannot- bet vaporised several methods may be used. The first 
of these to be described is based on a determination of the 
lowering of the freezing-point, of a solvent in which the given 
substance is dissolved. • 

It has already been stated (p. 313) that when a dilute 

aqueous solution of salt is cooled, crystals of pure ice begin 

to separate at, some temperature Mow the freezing-point of 
water; that is to say, the freezing-point of water is lowered 
or depressed by the presence of the dissolved saline matter. 
Other substances, such as sugar, sulphuric acid, sodium 

hydroxide, At., also depress the freezing-point of water, and 
in general the freezing-point of any liquid (water, acetic acid, 
p. 277; benzene, p. 12b, At.) is depressed by matter in 

solution.* 

Now it was proved experimentally by Raoult that the 
extent, to which the freezing-point of a solvent is lowered 
is directly proportional to the weight of the substance dis¬ 
solved in a given weight of the solvent.; that is to say, the 

* If ice and an aqueous solution are in equilibrium at a certain tempera¬ 
ture and atmospheric pressure, and more of the dissolved subs tan oe is added 
to the solution, then, in accordance with Lc Chatelier’s rule (p. 256), ice 
will melt in order to neutralise, as far as possible, the change in the 
concentration of the solution, which it does by adding to the amount of 
water present. In doing so, however, it will alisorb heat, and finally a new 
state of equilibrium will bo obtained, with a lower tomperaturo. The 
temperature at which ice is in equilibrium with the solution is, however, 
the 'fiee/.mgqtoint of the solution;' hence the presence of a dissolved 
substance in a liquid must depress its freezing-point. 
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depression is proportional to the concentration of the solu¬ 
tion. Thus a 1 per cent, solution of cane-sugar freezes 
at - 0*058°, a 2 per cent, solution at - 0*116°, a 3 per cent, 
solution at - 0-174°, and so on. The depression produced hy 
a given substance, therefore, is proportional to the number of 
molecules of that substance in a given weight of the solvent. 

It was also proved that equal numbers of molecules of 
different substances dissolved in a given weight of a given 
solvent produce the same depression of the freezing-point; 
lienee the depression is independent of the nature of the 
molecules. The. molecular weights of cane-sugar, glucose, and 
acetone,* for example, are 342, 180, and 58 respectively; if, 
then, three solutions arc made by dissolving 3*42, T8, and 
0*58 grams respectively of these substances in, say, 100 grams 
of water, the three solutions contain molecular proportions, 
or equal numbers of molecules, of the dissolved substances, 
and their freezing-points are identical 

The above statements are true only in the ease of dilute 
(up to, say, 5 per cent.) solutions, lmt by linding experi¬ 
mentally the freezing-point of a very dilute solution of known 
concentration, the depression which should be caused by 
dissolving 1 gram-molecule of the substance in 100 grams of 
the solvent can be calculated by simple proportion ; the value 
thus obtained is called the molecular depression, and is a 
constant (K) for a given solvent. Thus, since 0*54 gram 
of glucose depresses the freezing-point of 12 grams of water 
0*475°, and the, molecular weight of glucose is 180, 1 gram- 
molecule of glucose dissolved in 10ft grams of water should 
give a molecular depression (K) of 19°. 

0 54 g. of glucose in 12 g. of water corresponds with 4*5 g. 
of glucose in 100 g. of water, and 4*5 :180:: 0 475°: 19' J . The 
molecular depression, then, of water, is 19 J . 

The molecular depression, K, of any solvent having been 
determined experimentally with the aid of substances of 

* Tht- reason for choosing these substances as examples instead of some 
commoner coiujiounds, such as salt oi Mm* vitriol, will appear later (p. 38C). 
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known molecular weight, it is then possible to determine the 
molecular weight of any other substance which is soluble in 
that solvent by finding the # 


depression, 1), produced by a, 
known weight of the substance 
dissolved in a known weight 
of tin* solvent. 

Thus if O J 2 g. of a substance 
dissolved in 10 grams of water 
gives a depression I) = 0-f>3, 
then since, 100 g. of the solvent 
contain 4’2 g. of substance, and 
1): K .: 4’2 : M.W., the mole¬ 


cular weight is 


19x42 

" o-o:i 



Now many different solvents 
may he used for sueh experi¬ 
ments, and since most substances 


are soluble in some liquid, it 
is possible to determine the 
molecular weights of a great 
many substances by the method 
here described, which is known 


as the cryoscopic method. This 
is a fact of great importance, 
because the determinate.n of 


molecular weight from vapour 
density is only possible in ^the 
case, of those substances which 


are volatile. The results oh-. 


tnined by the cryoscopic method 
are only approximately correct, 



but this is a matter of no im¬ 


portance for reasons already 

given in dealing with the results of vapour density 
determinations (p. 204). 
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Tin* apparatus generally used in determining molecular 
weights I»v the eryoscopic method dcVN'd l»y Heck maim, 
and is dmwn in fig. D.'t. A large tube (u), about b cm. in 
diameter, and provided with a side-tube (b), is closed with a 
cork (r), thro noli winch pass .1 stirrer (✓/), and a thermometer 

{*) graduated to . A weighed (juantity 
(about lb grains) of the solvent is placed in 
the tube (a), which is then litted into a 
wider tube (/) s which selves as an air- 
jacket and prevents a too rapid change in 
temperature. The apparatus is now intro¬ 
duced through a hole in the metal plate (</) 
into ,i v‘\sm'1 which is partly tilled with a. 
freezing mixture or some liquid, the 
! ||l temperature of which is about b' lower 
than tie* freezing-point of the solvent. 
The sol ven 1 in (u) is now constantly 
-lined, whereon the t.hennometer rapidly 
falls, and sinks below the freezing point of 
the solvent, until the latter begins to 
free/e ; the thermometer now' rise-. again, 
but soon becomes stationary at a tempera¬ 
ture which is the fn<•::>n<j-(><>ittf of fh>‘ 
solw'irf. A weighed quantity of the sub¬ 
stance is now introduced through the 
side-tube (l>), and after the solvent, has been 
allowed to me.lt completely, the fwiiny- 
jioiiit of th* minium is ascertuiiied us 
before. The >fi lien nice, between the two 
freezing-]mints is the depression (1)). 

E»B- 94. The Ihermoitn-irr used in such experiments 

has a veiv lsng<‘ Imlh, and the totsil tango 
shown on the scale is only ahoul (*> . the smallest divisions 
corresponding with hundiedths of a degiee. The eapilhuy t.nhe 
con nee Us 1 with the bulb terminates above in a resr*i\oir, as 
shown in lip. 94, anil by warming the Imlh ven cautiously some 
of the meicniy may he driven into this rcsei voii and detached from 
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the main quantity by gently lapping the thermometer. It is thus 
possible t,c* diminish tin* quantity «»f meieury in ihe bulb (and to 
iiim’iisi’ it. again when required), so that tin*, top «>f the column in 
the, capillary tin cad stands at sonic suitable point n#i the seale 
when the thermometer is at the temperature which is to be 
registered in the c,xpciimcul. All that is requited i» that the 
thcrmonietci shall show tfijfrrcitw ,s in tempeiq,ture with a high 
degree of aecuiaev. 

'I'lie eon stunts (K) for some of tin* solvents frequently used 
are : water, 19 ; acetic acid, !J9 : benzene, 19. 

1 Determination of Molecular "Weight hy the 
Kuulliosci quo Method. 

Kxperiinents have shown that the boiling-point of an 
aqueous solution of sugar, salt, or other substance is higlntf 
than that of water, and, in general, the boiling-]aunt of a 
liquid is raised by the presence of dissolved non-volatile 
matter.* Fuithor, experiments with 'filute solutions of sub¬ 
stances of known molecular weight have shown that (just as 
in the case of the. ifrpnwitioit of the freezing-point) the rise or 
drraUnn (K; ot the boiling-point is directly proportional to 
the number of molecules of tin* substance contained m a 
given weight of a given'solvent, hut is independent of the 
nature of these molecules. From the results of such experi- 

* If a solution of sugar, salt, or other substance is in equilibrium with its 
vapour, within a closed vessel at a fixed temperature, ami more of the 
soluble substance is added, the first re mi It will be an increase in the concen¬ 
tration of tho solution; in accordance with the rule (p. Hob) a further change 
will then ensue, such as to neutralise this effect as far as possible. This 
can only occur by some of the vapour condensing and thus diluting the 
solution, a process which must entail a decrease in the pressure of the 
vapour. Were this experiment conducted at the boiling-point of the pure 
solvent - namely, the tomperatuie at which the pressure of it" vapour is 
equal to the atmospheric pressuie-- then on the addition of the soluble sub¬ 
stance the vapour pressure wopld become loss than before, and it would be 
necessary to raise the temperature in order to ’make the solution boil once 
more. Thus tho prosence of a dissolved substance in a liquid lowers its 
vapour-pressure and raises its boiling-point.. 

If, on the other band, some of the dissolved substance is removed, the 
pressure of the vapour will increase until, when all the substance is 
removed, the boiling-point is equal to that of the pure solvent. 
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munis tin* elevation which would be produced by dissolving 
1 gram-molecule of a substance in 100 grams of the solvent 

may be calculated, and 
is found to be a eon 
st.ant (K) for the gi\en 
solvent. 

It is thus possible to 
determine experiment¬ 
ally the molecular 
weight of any sub¬ 
stance which is soluble 
in the given solvent 
by finding the elevation 
(E) which is produced 
by a known weight 
of the substance dis¬ 
solved in a known 
weight, of the solvent. 
E : Iv : : i* : M.W., 
where 1* is the weight 
of substance dissolved 
in 100 g. of the solvent 
(compare, p. .‘177). 

A form of apparatus 
devised by Deckmami 
is shown in lig. 95. A 
known weight, of the 
solvent is put into the 
tube (u), and after the 
Fi-r. !ir> thermometer is plaecd 

in position some glass 
heads are poured through the side-tube (b) until the 
bulb of the thermometer is nearly covered ; the object of 
these heads is to ensure a ivj ular boiling of the liquid. The 
tube (a) is surrounded by the outer jacket (r), which 
also contains some of the solvent; the object of this jacket 
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is to prevent superheating. The apparatus is then placed, as 
shown, on an asbestos frame (✓/), and the condensers (e, e) 
are fitted on. The asbestos frame, which is provided with 
chimneys (/, /), is then very gradually heated below, and 
when the solvent lias been boiling constantly for some time 
(say thirty minutes), the position of the mercury thread is 
noted. The condenser (r) is now removed, and a weighed 
quantity of the substance (compressed into a tablet) is intro¬ 
duced through the side-tube, the condenser being immediately 
replaced. The temperature falls at first., but rapidly rises 
again, and ill two or three minutes the position of the mei- 
cury thread becomes constant. The differente between the 
readings with the solvent and the solution respectively gi\e 
the tile ration E. , 


The constants for some common, solvents are : water, 5 2 ; 
acetic acid, 25; benzene, 2G'7 ; ether, 21T. The results 
obtained with water are usually not very accurate, owing to 
the small value of the constant, and considerable experience 
is required before trustworthy results can he obtained with 
any solvent. 


A simpler form of apparatus is that devised hy Landslierger 
(tig. Otj). A suitable quantity of the solvent is placed in the tube 
(a), which is about 10 cm. in height and 3 cm. iu diameter, and 
which has a small opening at (b) for the escape of \apour; this 
tuhe {a) is fitted by means of a cork into a largei one (**), which 
serves as an air-jacket, and the outlet (d) of which is connected 
with an ordinary Liebig's condenser. The inner tube («) is closed 
with a cork through which pass a thermometer graduated to 
and a tulas (<■), the end of which has been cut off in a slanting 
direction, or perforated with a number of holes. The solvent in 
the tube (a) is not heated directly, but only by the vapour of the 
mrne solvent, that, is generated in the flask (/); in this way super¬ 
heating is avoided. 

The boiling point of the solvent, alone is lirst determined by 
heating the solvent in the flask (/) and passing its vapour through 
tile solvent in {a) until the thermometer shows a constant, tempera¬ 
ture : the solvent in f a) is then inUrrl with that iu the llask (/), 
about the same quantity as was originalk used being poured back 
into the tube (a). A weighed quantity of the sulistancc is now 
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placed in [a), and vapour from (/) is again parsed until the tem¬ 
perature is again constant. ’J'lic fliffcre.itre. between 1,lio two 
readings gives the de-rut ion E. The weight of the solvent in (o.) 
at the time of the second reading has now to he found, and tht 
molecular weight of the substance can then he calculated. 



Fig. %. 


If the tuhe (ft) is graduated, the weight of the solvent uiay lie as 
Pertained with sullieienl acemnev b\ multiplying the volume by the 
spec.ilir gravit y at the boiling point. Theijuantity of solvent oiigin- 
al’.v placed in (a) should he so chosen that by the, time the solvent 
w boiling i mstantly the total (juantity amounts to about' 10 grams. 
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SoAfK Iv.KSULTS OF Moi.FCULAll WjCKillT I UCT HUM I NAT IONS. 


l>y one or other of the methods vvhieh have; now been 
described * it is possible to determine the molecular weights 
in the gaseous or in the dissolved state of .1 great number of 
the elements and their compounds; in fact,.of any substance 
which vaporises below, say, 1000', or which is appreciably 
soluble I>y Victor Meyer’s method the thermal dissocia¬ 
tion of many substances is also established. 

-T 11 the ease of elements, it lias been found that, the mole¬ 
cules of different elements differ considerably in complexity. 
Those of mercury, for example, consist of single atoms, those 
of iodine of two, those of ozone of three, those, of phosphorus 
of four, ami those of sulphur of eight, atoms. Tim teri'is 
tnojuftomir, diaiunth\ <te., are need to express the number of 
atoms in the molecule of an element. Ozone, for example, 
consists of triatomic, phosphorus of tetiatomic, molecules. 
The fact that the molecules of an element may contain a 
considerable number of atoms important in connection 
with allotropy, since the occurrence of the nllotrnpic forms 
of oxygen is due, to the existence of molecules of different 
complexity (p. 4fU»), this may also be line m the case of 
otlier elements. 

The results of molecular weight determinations by the 
vapour density method have also fdiown that in the. case of 
a great, many substance.*, their molecules are more complex 
at low than at high temperatures , similarly, cryoscopic and 
el ail lioscopic methods prove that the moloeules of a given sub¬ 
stance may be more com]ilex in one solvent than in another, 
and more complex in concentrated than in dilute solutions. 
In the eases in question the. complex molecules undergo 
dissociation, but this dissociation is similar to that studied 
in the case ol nitrogen tetroxide in this, that the simpler 
molecules have ihe sun/e percentage composition as the more 
complex ones ; all such eases, therefore, may he represented 


* Sevoral otlwr nu4huds arc known. 



384 THE DETERMINATION OF MOLECULAR WEIGHT. 


by the equation (M )„-<—>■ »M, in which (M) n stands for one 
of the complex molecules. 

Now if there is any evidence, that the simple molecules M 
.ire capable of an existence, under other conditions, and that 
they retain their »tnod nee when they form the more complex 
molecules (M) /m the formation of the latter is regarded ns a 



combination. 


The compound hydrogen fluoride (p. 300), for example., is 
very closely related to hydrogen chloride, which is known to 
have the molecular formula 1ICI; for this and other reasons 
it may he concluded that hydrogen fluoride has the molecular 
formula HF. In accordance with this view, it is found that 
a), temperatures above 88" the vapour density of hydrogen 
fluoride is 10, corresponding with the molecular formula 1TF 
(H— 1, F — 19). JJut at 30 J the vapour density is 20, which 
corresponds with the molecular formula 11 0 F. 2 . Now if the 
molecular formula H a F 0 were used, this formula would 
indicate that either fluorine or hydrogen lias a greater 
valency than unity at the lower temperature, otherwise 
two II — F molecules could not unite; its use would also 
lead to the inference that I lie chemical properties of the 
compound so represented should he different from those 
of the compound JIF, which exists at slightly higher 
temperatures. As, however, most of the properties and 
relationships of hydrogen fluoride are suitably expressed 
by the molecular formula HF, the more complex ‘aggre¬ 
gates ’ which exist at ordinary temperatures are regarded as 
associated molecule.*. 

A great many compounds show this phenomenon of asso¬ 
ciation ; but it is often extremely difficult to interpret the 
results of molecular weight determinations, and to decide 
whether the simpler or the more complex formula should be 
used to represent the molecule of the substance, (ionerally 
speaking, if considerations of valency point to the simpler 
formula and seem to preclude any change in the structure of 
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the simpler molecules, then the existence of the more com¬ 
plex molecules is regarded as due to association. 

A similar difficulty often arises as regards tlie*representa- 
tion of more or less stable substances which are formed from 
different molecules. Potassium lluoride, KK, for example, 
gives with hydrogen fluoride a crystalline* substance which 
has the composition (KF + 11K); and if the three elements in 
this substance are all univalent it is clear that the structures 
of the molecules 11 - F and K-F cannot have undergone 
any change. On this assumption, the substance may bo 
regarded as consisting of the two different individual mole¬ 
cules IIF and KF, and this may he indicated by writing its 
formula IIF, KF. Such a compound is sometimes called a 
molecular eompountl. * 

The phenomenon of association and the formation of so 
called molecular compounds provide, further instances of the 
difficulty of distinguishing between a physical and a chemical 
change. 


CHAPTER XLII 

The Ionic Dissociation Theory. 

Although it can he shown experimentally that many 
salts are hydrolysed by water, most salts and most other 
substances, such as acids and basic hydroxides, which are 
soluble in water, seem to dissolve without undergoing chemical 
change (p. 3*28), and on their solutions being evaporated the 
original substances are recovered unchanged, or merely in a 
hydrated state. The fact that no visible sign of chemical 
change accompanies the. process of solution does not of 
course; prove that no such change occurs; when ammonium 
chloride is strongly heated it is completely decomposed into 
ammonia and hydrogen chloride, but no visible evidence of 
this fact is observed. Leaving out of account those cases in 

Iuorg. Y 
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which it is known tlmi a substance undergoes chemical change 
when it is placed in water—as, for example, tin* formation of 
hydroxides*from anhydrides and from basic oxides, and the 
numerous instances of hydrolysis (p. 3G1)—the more general 
question whether or not the molecules of acids, basic hy¬ 
droxides, and salt's undergo change when they are dissolved 
in water lias now to be studied. For this purpose it is 
necessary to consider in more detail some results of the 
examination of aqueous solutions. 

When the molecular weight of an acid, basic hydroxide, or 
salt is determined by the cryoscopic nr ehullioscopic method 
in aqueous solution, the value thus obtained is very much 
smaller than that calculated from the krooni molecular formula 
of the substance, and varies with the cournttration of the. 
solution. Thus the molecular weight. of hydrogen chloride 
•ledneed cryoscopicallv i.> found to be about 25, whereas it is 
known from vapour density determinations that, the mole¬ 
cular weight is really 30*5. Similarly, the molecular weight 
of sodium chloride is found to he about 35, whereas the true 
value cannot he less than 5N*5, because the atomic weights of 
sodium and chlorine are 23 and 35 5 respectively. 

In other wolds, 1 gram-moloenle of an acid, basic 
hydroxide, or salt dissolved in 100 grams of watei does not 
give the normal depression constant K 19, which is obtained 
with cane-sugar, glucose, and other snhstanc.es, hut a much 
larger value; consequently the molecular weight deduced 
from the observed depression is much smaller than it is 
known to he. 

Such observations seem to show that aqueous solutions of 
acids, basic hydroxides, and salts contain a larger number 
of molecules or particles than they would do had the acid, 
basic hydroxide, or salt dissolved unchanged, because the 
depression is directly proportional to the number of molecules 
or paitides in the solution. 

Now the fact that unexpected or ‘abnormal' molecular 
weights K.ri obtained by tho cryoscopic or ebullioscnpic method 
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in the on no of certain substances may he compared with the 
fact that ‘ abnormal ’ or unexpected molecular weights are 
sometimes obtained from vapour density determinations 
(p. 318); in the latter ease the results arc 1 due to thermal 
dissociation, in eonsequenoo of which *a given weight of 
substance gives rise to a-larger number* of molecules than 
it originally contains. It would seem, therefore, that the 
1 abnormal ’ depression of the freezing-point, leading to an 
‘abnormal' molecular weight, obtained with acids, basic hy¬ 
droxides, find salts, must he due to some change whereby the 
number of molecules or particles contained in the undissolved 
substance has been increased during the process of solution. 

This view is supported and can he best explained more 
fully by a reference to the phenomena of eh etrolysis (p. 300). 
Mubstances, such as cane-sugar, which give normal molecular 
weights in aqueous solution are fill lion-electrolytes. Acids, 
basic hydroxides, and salts which give lower molecular weights 
than the calculated values are all electrolytes (p. 301). 

Now, as .already stated ()>. 305), the passage of an electric 
current through an aqueous solution of an electrolyte seems 
to he due to the presence in solution of oppositely charged 
particles or vows, winch move through the solution to the 
electrodes, the positive ions (rafitmn) being attracted to the 
negative electrode or cathode, the negative ions (antom) to 
the positive electrode, or anode. An aqueous .solution of 
sodium chloride, for example, liehaves as if it, contained 
positively charged particles of sodium and negatively charged 
particles of chlorine. Similarly, an aqueous solution of 
hydrogen chloride behaves as if it contained positively 
charged hydrogen ions and negatively charged chlorine ions. 

But dry hydrogen chloride, whether gaseous or liquid, is 
a non-eonductoT of electricity, and under ordinary conditions 
is a very stable, strongly exothermic compound : water also, 
practically speaking, is a mm-eonduetor (p. 4f>7). And yet 
even a very feeble electric current can pass through a dilute 
aqueous solution of hydrogen chloride, and bring the 
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clicniic.nl decomposition of this compound. Similarly, many 
other stable substances which, when in a dry state, are non¬ 
conductors, ^ive aqueous solutions which conduct the current, 
the dissolved substance undergoing chemical decomposition. 
Hence it seems that the mere process of dissolving an electro¬ 
lyte in water prepares it in some way to transmit the cur¬ 
rent and to undergo chemical decomposition. If, then, it is 
assumed that during the process of solution the uncharged 
chemical molecules of the dissolving substance are resolved 
into oppositely charged particles, or ions, not only are the 
phenomena of electrolysis explained, but the unexpectedly 
low (or ‘abnormal’) molecular weights of electrolytes are also 
accounted for. 

•From these and other considerations, Arrhenius, in 1887, 
was led to put forward the theory of ionic dissociation, 
according to which the chemical molecules of electrolytes are 
dissociated into ions in aqueous solution to a greater or less 
extent. These ions may he single atoms or groups of atoms 
(radicles), but in either case every ion carries a definite 
charge of electricity, either positive or negative; as the 
original molecules are not charged, there arc always both 
positive and negative ions produced from every dissociated 
molecule, and the total charges on the positive ions arc equal 
and opposite to those on the negative ions. 

lJuring the electrolysis of acids, hydrogen is liberated at 
the negative electrode, whereas in the case of basic hydroxides 
and salts a metal is obtained as a primary product (p. 303) 
in place of hydrogen. It is concluded, therefore, that the 
ions of an arid are positively charged hydrogen atoms on the 
one hand, and negatively charged atoms or groups on the 
other; thus the ions of hydrochloric, nitric, and sulphuric 
acid are the charged atoms or radicles II, Cl; 11, 1M0 3 ; and 
H, IIS0 4 or 2 H, S0 4 respectively. Jn the case of basic 
hydroxides ihe positive ions are charged atoms of the metal 
or basic radicle (p. 2G6), and the negative ions are charged 
hydroxyl-groups; thus the ions of sodium and ammonium 
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hydroxides are electrically charged Na, OH and NH 4 , OH 
respectively. In the case of salts, the ions correspond with 
those of an acid, a charged metallic cation taking the place 
of the charged hydrogen ion ; thus the ions of sodium 
chloride, sodium nitrate, and copper sulphate are the charged 
particles Na, Cl; Na, N0 3 ; and Cu, S0 4 respectively. Nega¬ 
tive radicles such as NO,, S0 4 , and Oil are not obtained 
as products of electrolysis, because they immediately react 
with the water present, or undergo chemical decomposition, 
when they are set free at the anode, giving rise to secondary 
products of electrolysis (p. 302). 

Now Faraday’s laws of electrolysis (p. 306) state that 
the same quantity of electricity is carried by the chemical 
equivalents of the different elements, and this is true*of 
the various radicles which can act as ions. That is to say, 
the same charge or quantity of electricity is carried by two 
H ions as by two Na ions or by one Ca ion, and equal but 
opposite charges fire carried by two Cl ions or by one S0 4 
ion. If, then, it is assumed that all univalent ions carry a 
unit positive or negative charge, the number of unit charges 
carried by an ion is identical with its valency. 

The unit positive charge of electricity is usually indicated 
by the sign + or *, and the unit negative eharge by — or 

Thus the following represent some of the more important 
ions : 

Positive —R', Na T , NH 4 *, Ba", Ca*’, Fc" (ferrous), Fe*’* 
(ferric). 

Negative —OH', Cl', IV, T, NO,', S0 4 ", PO/". 

From this standpoint the ions of the elements differ 
altogether from the elements themselves, inasmuch as they 
possess electrical charges winch alone must tend profoundly 
to alter their characters. In order that an ion may appear 
as an element, its electric charge must be removed, and this 
is what occurs during electrolysis. When the oppositely 
charged electrodes connected with a battery are immersed, 
for example, in a solution of an acid, the positively charged 
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hy, lrogen ion is attracted to the negatively charged plate, ami 
on coining into contact with it, gives up its charge, becoming 
an electricaljy neutral atom ; two such discharged ions or 
atoms of hydrogen are now able to unite and form a molecule 
of free hydrogen. The hydrogen ions before discharge must 
exert a great mutual repulsion; but even if in spite of this 
they united they would not then constitute a hydrogen 
molecule, but a bivalent ion, 

The elements may thus bo classed as eh'd ro-poxttice or 
electro-negative according to the behaviour of their com¬ 
pounds on electrolysis (p. 304). All those elements—namely, 
hydrogen and the metals—which are liberated at the nega¬ 
tive electrode are electro-positive; this is one of the reasons 
wliy hydrogen may he considered to be a metal. All those 
elements, such as chlorine and the other halogens (p. 308), 
which are liberated at tlie positive electrode, and also those 
elements winch are generally contained in the radicles 
liberated at the positive electrode, are electro-negative ; 
oxygon, sulphur, and nitrogen, for example, are electro¬ 
negative. The terms electro-positive and electro-negative 
correspond, theivfore, with the terms metal and non-metal 
respectively; hut the classification based on the phenomena 
of electrolysis presents just as great a difficulty as thot 
depending on other properties of the elements (p. 255). 

"When a compound which consists of more than two 
elements undergoes ionic dissociation, one of the ions is 
always a group of atoms, and a given element may some¬ 
times he present in a positive, sometimes in a negative group. 
In the case of ammonium salts, for example, nitrogen is con¬ 
tained in the cation; whereas in nitrates it is present in the 
anion, and in ammonium nitrate it is present in both ions. 

Similarly, many metals give rise to compounds which give 
anions of that metal; potassium permanganate, for example, 
gives the ions X* and MuO/, and in this compound the 
manganese plays the part of an acid-forming or non-metullic 
element. 
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The fundamental conception in the ionic dissociation 
theory leads to the conjecture that as the electric current 
is carried through a solution of an electiolytc by the charged 
ions and not by the. undissociated chemical mdlecules, the 
conrfuctirity should depend on Lhe extent of the. ionic dis¬ 
sociation, and should be proportional for any given substance 
to the number of ions present. Xow it lias been found 
experimentally that, starting from a concentrated Solution, 
the conductivity of tin: mottrr in volution increases as the 
solution is diluted until it reaches a maximum and constant 
value. It is, therefore, concluded that in the more con¬ 
centrated solution ionic dissociation proceeds only until a 
condition of equilibrium is reached by reversible changes, 
such as those shown in the following equations: 

i[CU--^]r-hCl' 

Na( HI ~->N.r + OH' 

hh the solution is diluted iouivntion continues until it finally 
reaches a maximum which depends on the nature of the 
dissolved substance. The degree of ionic dissociation may 
be determined experimentally by measuring the conductivity 
of a solution of the substance and comparing the value with 
that of a solution of the same weight of substance in a very 
large quantity of water, the degree of dissociation may a ho 
bn calculated from tin* results of cryoscopie and ebullioscopic 
experiments. It is thus found that electrolytes vuiy con¬ 
siderably as regards the, extent to which they are ionised 
in solutions at equivalent concentration. Must .salts, and 
especially those of the more electro-positive metals, exist 
mainly (about SO per cent.) as ions in normal solution. 
The same is true of very vtrony acids such ad hydrochloric 
and nitric acids, and of the vtro/nj alkaline hydroxides of the 
metals of the. alkalis and alkaline earths. (Sulphuric acid, 
on the other hand, is decidedly less fullv ionised at the 
same equivalent concentration ; while the very weak acids 
and bases are hardly ionised at all. 
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The strength of a solution of an acid or of a base is 
proportional to the number of hydrogen ions or hydroxyl 
ions respectively present; and, since dilution increases the 
degree of dissociation, all acids and all bases approach one 
another the more nearly in strength the more dilute the 
equivalent solutions in which they are contained. 

It will he evident from the facts described in this chapter 
that the direct determination of the molecular weight of an 
electrolyte in aqueous solution is not possible, and that unless 
the electrolyte is volatile many things must he taken into 
account in deducing its molecular formula. 


. CHAPTER XLIII. 

Some Applications of the Ionic 
Dissociation Theory. 

Reactions between Ions. 

As a rule, reactions between ions proceed instantaneously, 
which is not generally the case with reactions between non- 
electrolytes ; as, however, numerous instances of instantaneous 
reactions between non-electrolytes have been observed, this 
is not an exclusive characteristic of ionised substances. 

When dilute solutions of dilferent salts at similar molecular 
concentrations are mixed without yielding precipitates, there 
is, as a rule, little or no appreciable beat development. The 
ionic dissociation hypothesis supplies a simple explanation of 
this fact. Since most salts are almost completely dissociated 
even in moderately strong solutions, on these solutions being 
mixed, the salts will remain ionised; in other words, the only 
appreciable change which occurs is that each salt now occupies 
a larger volume than before, in consequence of which small 
changes in temperature due mainly to ‘ heat of dilution ’ may 
be observed. 

The same consideration shows that when, say, sodium 
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chloride and potassium nitrate arc dissolved together in 
water, the ions Na*, K.*, Cl', and N0 3 ' constitute most of 
the dissolved matter, though, strictly speaking, there must 
also be present small. quantities of all the four possible salts 
in a noil-ionised condition. Thus there are present in this 
solution both sodium ions and nitrate iojis, and except at 
infinite dilution these must he in equilibrium with some of 
the undissociated sodium salt, 

Tn a + NO a '-^—^ NaKO.^ 

Similarly, the following equilibria must also occur: 

Na' + Cr -<—> NaCI 
Jv* +N(V<—> KN0 8 
K* + Cl' -4—>• KCl. 

Evidently, then, except at infinite dilution, which is* a 
purely hypothetical condition, some quantity of all the 
possible neutral combinations of the oppositely charged ions 
in a solution must also he present. The amount of any 
such neutral combination will depend on the number and 
concentrations of the ions composing it, and also on the 
peculiarities of the combination itself. If the neutral sub¬ 
stance is n weak electrolyte, then it will he formed in large 
proportion, because at’equilibrium it has a relatively small 
tendency to break down again into its ions. That is, in 
solutions containing various ions there is a tendency to form 
those undissociated combinations which arc weak electrolytes. 

If, for example, solutions of sodium acetate and hydro¬ 
chloric acid, both strong electrolytes, are mixed, there are 
present in the first instance the ions H*, Cl', Na*, and 
C 2 II 3 0 2 '. Of the four possible undissociated combinations— 
namely, IIC1, NaCI, NnC 2 lI a 0 2 , and IIC 2 1I 3 0 2 —the last is 
by far the weakest electrolyte, 'ibis compound, therefore, is 
formed at once, and the main change is represented by 
ir + Cl' + Na* + C 2 1I 3 ()./ = Na* + Cl' + IICoHjjOj ; 
or, eliminating terms common to both sides, 

H* + C 2 H a ( ).J =■ HC 2 JI.,0 2 . 
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This explains why the so-called strong acids expel the weak 
ones from their salts even in moderately dilute solution. 

Heat of Neutralisation of Acids and Masks. 

Water itself may he regarded as a very weak electrolyte, 
or possibly even a's a non-electrolyte (p l(>7). It is formed, 
therefore, when H* and Oil' ions are brought together—as, 
for example, when solutions of an acid and of a basic 
hydroxide are mixed. The process of neutralisation of 
potassium hydroxide by hydrochloric acid, both mainly 
ionised in solution, mav thus be expressed by 

K+OH' + H' + Cl - K’ + tT+l1,0; 

of, the K ‘ and Cl' ions common to both sides being elimin¬ 
ated, the only appreciable change m the neutralisation piocess is 

H' + <>H'- H,(», 

or tlie formation of water. 

The process does not involve the potassium or chlorine 
ions, and would be representable in the same way, no matter 
wlmt the metal in the strong base or the radicle in the strong 
acid. In accordance with this view, the heat of neutralisation 
of an equivalent of any strong acid with anv strong hast* 
should be the same. Experiments show that this is so, 
the heat of neutralisation being +13,700 calories for every 
equivalent neutralised; +13,700 calories, therefore, is the 
heat produced when one gram-molecule of water is formed 
from its ions. 

Ionic Equilihria. 

Equilibrium between an uudissociated electrolyte ami its 
ions is affected in the sane* way as equilibrium in ordinary 
dissociation. Thus, the dissociation of a binary electrolyte * 
being represented by A — IT + (.!', then, if at equilibrium the 
conceiitiatiou of !>’ is increased, the reaction has more oppor- 

* An “leotrolyte the molecule of which funmhoH two xous only. 
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tunity than previously of progressing front right to left, with 
the result that more A is formed at the expense of C'. In 
the case of a solution of acetic acid, for example, if the con¬ 
centration of the C 2 II/V ions is increased, as caliche done by 
adding sodium acetate, then more undissociated acetic acid is 
formed at the expense of the 11' ions, which thus decrease 
in concentration : the acidity of tin* solution, therefore, also 
decreases. Acetic acid (1 of acid in 10 of water) dissolves 
calcium oxalate or zinc sulphide fairly freely, but in presence 
of excess of sodium acetate it loses most of its power of 
dissolving these compounds; even in presence of only one 
equivalent of sodium acetate it has only one-fortietli of its 
original strength. The effect of neutral salts is very marked 
only with the weaker acids ; similar effects are noticed 
with weak liases such as ammonium hydroxide. 

Ammonium hydroxide may he represented as dissociated 
slightly in aqueous solution . 

NlI 4 OU- NIIj’ + OH'; 

but if NHj' ions, in the form of ammonium chloride, be added 
to the solution the ionisation of the hydroxide is greatly 
diminished, and therefore its strength is greatly decreased. 
For this reason ammonium chloride is added to ammonium 
hydroxide in order, for example, to prevent the latter from 
dissolving aluminium hydroxide, which is appreciably soluble 
in a pure, solution of ammonium hydroxide. 

If a drop of acetic acid is added t.o a little water coloured 
with methyl orange,* the latter is turned red. If now a few 
crystals of sodium acetate are added, the colour of the in 
dicator becomes yellow, for the acetic acid, though free, is no 
longer strong enough to act on the methyl orange. 

Similarly, if a drop of ammonium hydroxide is added to 

* Methyl orange is the sodium salt of a strong organic acid, the yellow 
solution of- which is turned red hy strong acids owing to the formation of 
undissociuted molecules of the organic acid ; it is used as an indicator, 
principally in titrating carbonates of the alkali metals and ammonium 
hydroxide. 
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water which contains a little phenolplithalei'n solution,* the 
latter is turned pink. If now a little pure solid ammonium 
chloride is added, the ammonium hydroxide is rendered so 
weak that ftie red tint nearly or quite disappears. 

Hence methyl orange is useless as an indicator in titrating 
relatively weak acids; when the end of the titration is near, 
the salt which is present reduces the strength of the relatively 
weak acid to such an extent that the colour gradually fades 
away before an equivalent quantity of alkali has been added. 
Similarly, phenolplithalein cannot be used in the titration of 
ammonium hydroxide, but may be satisfactorily employed in 
the titration of weak acids with strongly basic hydroxides. 

Saturated Solutions of Electrolytes .—When a saturated 
solution of any solid electrolyte is prepared, there are prob¬ 
ably two reversible reactions proceeding simultaneously and 
at equilibrium ; that is to say, when the solution is saturated, 
the changes going oil may be represented by the simultaneous 
equations: 

AB (solid) < - > AB (dissolved, non-ionised) < - > A‘ 4- If 

C 1 C 2 r 3 C 4 

where c v c 2 , c. t , c 4 , represent the active masses (p. 3G3). 

The active mass is constant, as it is that of a solid; c. 
the active mass of the non-ioniscd substance, is also constant, 
for it bears a lixed ratio to tq assuming the law of mass-action. 

This law would also lead to the following equation for the 
second reversible reaction : 

c 3 c 4 — a constant xr, = a new constant, say K. 

That is to say, in the saturated solution of an electrolyte, the 
product of the concentrations of the ions of the electrolyte 
would be constant at any given temperature. 

This is found to be true in practice, and the product,* K, 
is known as the solubility product, of the electrolyte. 

An electrolyte, therefore, dissolves until the product of the 

* Phenolplithalein is a colourless lactone of a weak acid ; solutions of its 
ionised salt: arc pink. It is principally used in titrating weak acidB. 
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concentration of its ions has reached the value K (of the 
solubility product), whatever may be the relative concentra¬ 
tions of the ions present in the solution. If the solubility 
product is exceeded, then the solution is supersaturated; but 
if the actual product of the ion concentrations is less than the 
solubility product the solution is unsaturated. 

If, then, to a saturated solution of any electrolyte another 
electrolyte giving ions identical with any of those of the 
first electrolyte is added, then the solubility product is ex¬ 
ceeded anti the solid separates. Thus, when common salt 
is added to a soap solution, hard soap may be precipitated, 
because the concentration of sodium ions is increased, ami 
the solubility product may be exceeded. On the addition of 
potassium chloride to a solution of a hard or mtlinm soaft— 
say the stearate—soft soap may be precipitated because the 
product of the concentrations of the K' ions added, and 
the stearate ' ions previously present, may be made to exceed 
the solubility product of potassium stearate. 

The process of precipitating substances by the addition of 
others containing a common ion is known as 4 salting-out.’ It 
is not necessary, however, that both or either of the substances 
concerned should be; salts ; thus strong hydrochloric acid pre¬ 
cipitates barium chloride and common salt respectively from 
aqueous solutions of these compounds; similarly, nitric acid 
precipitates lead nitrate froin its solution. Acids may bo pre¬ 
cipitated by other strong acids or hy one of their own salts, 
and the alkali hydroxides may precipitate calcium and barium 
hydroxides from their solutions. 

The opposite ease—namely, an increase in solubility owing 
to the partial or complete removal of one of the ions of the 
dissolving substance from the solution—is also frequent and 
of much importance. 

Calcium oxalate is very slightly soluble in water, yielding 
the ions Ca” and C 2 0 4 *; on the addition of a mineral acid, 
yielding hydrogen ions, some of the (\ 2 () A " ions unite with 
these to form non-iomsed H 2 U.>( > 4 , or oxalic acid. The calcium 
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oxalate than proceeds to dissolve until its solubility product 
is a^ain reached. This explains why the salts of weak 
acids are dissolved freely by mineral acids. Sparingly soluble 
salts of strong acids are not so much affected, however, 
because there is not ho great a tendency for their negative 
ions to unite with hydrogen ions, and the equilibrium is not 
greatly disturbed. 

Where an excessively weak acid forms a sufficiently sparingly 
soluble salt it may he able to expel even a strong acid. 
Thus, if carbon dioxide is led into lead nitrate solution, carbonic 
acid and therefore CO.," ions are formed, and to such an 
extent that the product of the concentrations of the Pb’* ions 
and the CO." ions may exceed the very minute solubility 
pfoduct of lead carbonate ; consequently lead carbonate is 
precipitated, while free nitric acid remains in solution. The 
solubility product of calcium carbonate, though extremely 
small, is relatively much greater than that of lead carbonate, 
and therefore carbon dioxide does not product 1 a precipitate 
in a solution of calcium nitrate. 


CHAPTER XLIV. 

The Halogens.* 

The element chlorine (p. 140), which occurs in such large 
quantities combined with sodium, is closely related in chemi¬ 
cal behaviour to three other elements, named respectively 
Jlmrrine , braining and irulina. All these elements are very 
active, and consequently are not found in nature in the free 
state; they occur principally in combination with one of the 
metals sodium, potassium, calcium, and magnesium, and in 
smaller quantities in combination with silver. 

r ’lliq move important generalisations an<l laws relating to chemical 
phenomena, and the various hypotheses and theories based on them, have 
now lw-* n 'Mscussed. In the following pages many of the muru prominent 
elements anJ their compounds arc described, and the student is introduced 
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Jnfit ns sodium chloride, NaCl, and calcium chloride, 0a01.„ 
nro salts derived from hydrogen chloride, HC1, so also the 
naturally occurring compounds of fluorine, bromine, f and iodine 
are salts derived from hydrogen fluoride, HF: hydrogen 
bromide, llJlr; and hydrogen iodide, HI, respectively. From 
this property of forming substances similar to ‘common salt,* 
the four elements in question are classed together as the 
halo yens (salt-producers), and their hydrogen compounds are 
termed haloyen acids; the salts derived from these acids 
arc* called haloid salts or halides. 

In considering this family of elements, the various members 
will he described in the order of their atomic weights.* a 
course which will be adopted in the case of other families. 
This order is, „ 

Fluorine, 19. Cliloiine, bromine, 70 9. Iodine, 126-9. 

As the important compounds of fluorine arc not very 
numerous, they will be described together with the clement 
in this chapter; further, as hydrogen fluoride is far better 
known than fluorine, a description of this compound will 
precede that of the element. 

Hydrogen Fluoride, HF. 

The more important naturally occurring salts of this acid 
ar a fluor-spar (calcium fluoride) and cryolite (p. 402). As the 
acid is volatile, it is generally prepared by heating powdered 
calcium fluoride with sulphuric acid, 

CaF_, 4-1 loKO, - 2HF + CuSt > 4 . 

to a great array of tacts which will seiiously tax his memory. Little can 
ho done to lighten his task. Elements related in properties are classed 
together, and cross-references to similar or analogous phenomena are freely 
given; hut unless the foregoing'general principles are understood and 
applied, the facts will remain a mass of disconnected data, and little 
intelligent progress will he made. 

The system on which the elements are classified is deseriWd later 
(p. 71 It), and need not he considered until most of the more important 
elements have been studied. 

* The atomic weights refer to 0«sl6 (compare p. 460). 
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Since hydrogen fluoride attacks glass and other materials 
containing silicates (p. 578), the operation is carried out in a 
retort made of lead (or of platinum), and the vapour which is 
evolved is* passed into water contained in a leaden vessel. 
The solution thus obtained is stored in bottles made of 
gutta-percha, or of glass coated on the inside with a layer 
of paraffin wax. 

The aqueous solution of hydrogen fluoride, known as 
hydrofluoric acid , has the properties of an acid, just as has 
the aqueous solution of hydrogen chloride. It turns blue 
litmus red, reacts with hydroxides and oxides, and attacks 
magnesium, zinc, and iron, forming fluorides , with liberation 
of hydrogen. 

# The most important practical difference between hydro¬ 
fluoric acid and the other halogen acids is that the first-named 
compound acts on silica and on silicates, giving water and 
(volatile) silicon tetraflnoride. (p. 578), 


8iO„ + 4UK =- 2H.,() *+• SiF 


4 * 


This property is made use of in etching glass,* and also in 
detecting hydrogen fluoride and other fluorides in the course 
of qualitative analysis. 

For marking the scales on thermometers, burettes, &c., the 
clean glass surface is first coated with paraffin Max, which is 


then scratched off with some sharp instrument to expose those 
parts which are to he etched. The apparatus is next placed 
in the vapour of hydrogen fluoride, and after having been 
etched it is washed well and the wax is removed. 

A similar process is used in testing for fluorides. The 
substance under examination is warmed with sulphuric acid 
in a leaden basin; the latter is covered with a watch-glass 
which has been previously coated'with paraffin wax, but from 


certain parts of which the wax lias been removed with a knife 
cr a pin. After some time the exposed surface is washed, 


* The Hrnootli, lustrous Hurface of the ^lass in corroded and becomes 
dulled becau c e some of its components are removed, 
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freed from wax, and examined; if the surface is found to be 
(itched, n fluoride was present. 

Hydrofluoric, acid is also used in the qualitative and 
quantitative analysis of insoluble silicates. When silica or a 
silicate is repeatedly evaporated with the acid, the whole of 
the combined silicon volatilises in the form* of silicon tetra- 
(luoridc; the silicates arc thus converted into fluorides, which 
may then ho transformed into sulphates by heating them 
with sulphuric acid. 

Anhydrous hydrogen fluoride is obtained by heating dry 
potassium hydrogen fluoride (p. 102) in a platinum retort 
and collecting the vapour in a cooled platinum receiver. It 
is a colourless liquid, boiling at 19 5°, and is miscible 
with water; it has a very pungent odour and is highly 
poisonous. 

Jt lias already been mentioned that at ordinary tempera¬ 
tures the molecules of hydrogen fluoride have the formula 
(1IF) 2 . This is one of those cases in which it is difficult 
to say whether the molecules of the formula H — 3? which 
exist at higher temperatures have merely associated (p. 384), 
or whether they have undergone chemical change. It may 
be that the fluorine atoms become tervalent, and that (IIF) 2 
is a compound of the constitution H-F = F — H. The 
existence of potassium hydrogen fluoride (p. 402) may 
also be accounted for by supposing that fluorine may be 
tervalent. 

Calcium fluoride, CaF 2 , has been known for a long time, 
and used under the name of fluor-spar as a ‘ flux ’ in melting 
ores and salts. 

It molts at a bright red heat, and when mixed with other 
minerals it forms mixtures which may liquefy and flow at a 
lower temperature thnij that at which any of the other 
minerals alone would molt. 

It is often found in crystals (cubes or octaliedra), which 
are sometimes colourless, sometimes coloured blue, green, or 
yellow by the presence of email quantities of other cop*- 

»W|r 8 
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pounds. It is practically insoluble in water, and in this. 
respect differs unexpectedly * from calcium chloride; it is 
also practically insoluble in acids, but it dissolves chemically 
in hot concentrated sulphuric acid (see above). 

Potassium fluoride, KF, is obtained by neutralising hydro¬ 
fluoric acid with potassium carbonate, and then evaporating 
the solution; it crystallises in cubes and is readily soluble 
in water. When it is dissolved in hydrofluoric acid and 
the solution is evaporated, crystals of potassium hydrogen 
flUoride, KHF a or HF,KF, are deposited. This substance 
decomposes when it is strongly heated, giving hydrogen 
fluoride and a residue of potassium fluoride. 

Silver fluoride, AgF, may bo obtained by dissolving silver 
oxide in hydrofluoric acid ; it is colourless and crystalline, and 
is readily soluble in water, a property in which it differs in a 
very unexpected manner * from the silver salts of the other 
halogen acids (p. 661) 

Aluminium fluoride, A1F 3 , occurs together with sodium 
fluoride, NaF, in the mineral cryolite , AlF :i , 3NnF, a colourless 
crystalline complex salt (p. r>91) found principally in Green¬ 
land. Cryolite is sometimes used as a flux (p. 610). 

Small quantities of fluorides occur in the animal king¬ 
dom (in the bones, teeth, <fce.), in certain plants, and in sea¬ 
water. 

Fluorine, F 2 , At. Wt. 19 0, is so active that although 
hydrogen fluoride was long believed to be the hydrogen 
compound of an unknown element, all attempts to obtain 
this element, by methods such as those which lead to the 
production of chlorine from hydrogen chloride, were complete 
failures. The element was at last isolated (Moissan, 1886) 
by 4 the electrolysis of potassium fluoride dissolved in anhy- 
droUB hydrogen fluoride. 

The electrolysis was carried out in a platinum U-tube 
(fig. ,97), using platinum electrodes (at, a) which passed 

< ■* TJnSx.-oBtod, because most salts of thu halogen acids which contain the 
sitae metal very similar in pio>>ertios ()). 424). - . „ 
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through stoppers of calcium fluoride (6, b ); fluorine was 
liberated at the positive electrode, and hydrogen (a secondary 



Fig: 97. 

product, p. 302, formed by the action of the liberated 

potassium on the hydrogen fluoride) at the negative electrode. 

■ 

F 2 «-™->2HF = 2KF + H,. 

I 

The gases escaped through the side tubes (r, r), and the 
.fluorine was collected in a platinum observation tube closed 
with thin [dates of transparent fluor-spar. The electrolysis 
was conducted at a low temperature ( - 23°) in order to lessen 
theactionof the fluorine on the platinum. 
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Fluorine is a gas, having a yellowish - green colour 
similar to, but paler than, that of chlorine. It decom¬ 
poses w^ter at ordinary temperatures, forming -hydrogen.' 
fluoride, and liberating oxygen and ozone (p. 461); lienee 
it is absolutely necessary to exclude moisture in the p re para- ; 
tion of fluorine: It combines with hydrogen with explosive 
violence at ordinary temperatures, ami most other elements, 
including carbon, unite with it so vigorously that they take 
fire in the gas; oxygen and fluorine, so far as is known, do 
not combine. Fluorine attacks silica (and silicates), silicon 
tetrafluoride and oxygen being formed. 


« Chlorine, CI 2 ; At. Wt. 35*5. 

Sodium chloride (pp. 35, 117) is by far the most abundant 
naturally occurring chlorine compound, but potassium chloride 
or sylvive, KC1, is also found in small quantities, either alone 
or crystallised with magnesium chloride, forming a double 
salt (p. 322), KC1, MgClo, 6H 2 0, known as mrnullite; this 
double salt occurs principally near Ktassfurt in a large saline 
deposit (p. 676). Silver chloride is found as the mineral 
horn-silver , AgCl; chlorides also occur in all natural waters 
and in all animals and plants. 

When chlorine was first discovered (p. 140), and for some time 
afterwards, it was supposed to be a compound of oxygen. In 
those days it .was thought that an acid must contain oxygen 
(p. 248), ami therefore it was assumed that hydrochloric acid did 
so; consequently the gas produced by heating hydrochloric acid 
with manganese dioxide was regarded as an oxygen coi»i>ound of 
hydrogen chloride (Berthollet). Davy showed in 1810 that chlorine 
is not changed when it iH passed over heated carbon, a process 
which decomposes many oxides; also that although oxygen is 
evolved when certain metallic oxides (calcium oxide, for example) 
are heated in chlorine, the quantity of this gas which is liWaled 
is exactly that contained in the given weight of the metallic oxide, 
0 > that oxygen is not liberated from the chlorine. These results 
ifceehied co show that chlorine was not an oxide, and as there was 
DO evident that it was a compouml, Davy suggested that it should 
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he classed as an element and gave it the name which it now hears. 
Since those days no fact at vanance with this conclusion has been 
observed.* 

« 

Chlorino is liberated when certain chlorides arc heated 
strongly; a few chlorides (auric chloride, platinic chloride) 
are decomposed into chlorine and metal f others (cupric 
chloride) into chlorine and a lower metallic chloride, but as 
a general rule chlorides volatilise at very high temperatures 
without decomposing, t 

The method generally used in preparing chlorine in the 
laboratory (p. 140) is based on the oxidation of hydrogen 
chloride with manganese dioxide (p. 286).]; 

As native pyrolusite (p. 443) often contains carbonates, it 
should be first warmed with dilute nitric acid until all carbon 
dioxide is expelled, and then washed with water, if it is 
required for the preparation of pure, chlorine; the gas evolved 
by heating the pure dioxide with pure hydrochloric acid is 
washed with water and passed through tubes containing 
gently heated manganese dioxide in order to free it from 
hydrogen chloride; it is then dried with the aid of sulphurie 
acid or phosphorus pentoxide and collected in a suitable glass 
vessel (fig. 23, p. (58). 

Pure chlorine may also be obtained by the electrolysis of 
fused silver chloride (p. 305), using carbon electrodes. 

Since chlorine is formed by the action of hydrogen chloride 
on manganese dioxide, and hydrogen chloride is generated by 
the interaction of sulphuric acid and sodium chloride, chlorine 
may be prepared by gently heating a mixture of sodium 
chloride (or other metallic chloride), manganese dioxide, and 

* It is impossible to protvr that a given substance is an element, because 
the definition of an element (p. 51) is based on a negative assertion; a 
substanoe is considered to be an element unless it can be proved that it is 
a compound. 

fit is possiblo, therefore, to determine the vapour densities of some 
chlorides by V. Meyer’s method, and thus obtain data from which the 
molecular formulae of these chlorides may be deduced. 

• $ On the danger of inhaling chlorine, compare p. 140. 
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sulphuric acid. The final results of this interaction are 
expressed by the equation, ' 

2NaCl -> MnO, + 3H s S0 4 = ? 

Cl 2 + MnSO, + 2NaIIS0 4 * + 211,0, \* 

bat these results are doubtless produced by a sequence or ~u 
combination of the three (or more) simple changes (compare ,V 
p. 330), namely, \ 

(1) NaCl + II 2 S0 4 - NaHS0 4 + IIC1 ; 

(2) MnO, + 4HC1 = Cl, + 2H.,0 + MnCl 2 

(3) MnCl, + H,S() 4 - MnS0 4 ’+ 2HCL 

Equations snch as these, which represent intermediate stages 
a reaction, are termed partial equation*. 

The nature of a complex reaction is often rendered more , 
intelligible by the use of partial equations, from which 
it is then possible to deduce the equation for the complete 
interaction without having committed this equation to 
memory. In deducing this expression, those substances 
which appear in equal quantities on opposite sides in any 
series of partial equations are merely intermediate products, 
and are eliminated from the final equation. Thus in the 
above case one molecule of MnCL, appears on opposite sides 
of the equations (2) and (3), so that by combining these 
in the one expression, ; 

(4) Mn0 2 + 4HC1 + H 2 S0 4 - Cl, + 2H,0 + Mn80 4 + 2HC1, 

this intermediate product is eliminated. 

But in this equation (4), two of the four molecules of HCi r 
on the left appear on the right, so that it may be written, 

(5) Mn0 2 + 2HC1 + H 2 S0 4 = Cl 2 + 2H 2 0 + MnS0 4 . 



' “ * The 'formation of normal sodium sulphate in accordance with the < % 



2NaCl+Hj(S0 4 =Na,S0 4 +2I1C1, 



#»«only take* ^aee at high temperatures (p. 417). 



' »\ 
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Next the quantities of the substances represented in the 
partial equation (1) must be doubled in order to provide 
the 2HC1 necessary for the interaction shown in (5) ; this 
leads to 


(6) 2NaCl + 2H 2 S0 4 = 2NaHS0 4 + 2HC1, 


and finally the partial equations (6) and (6) are combined „ 
to give 

Mn< >, + 2NaCl + 3H 2 S0 4 = Cl, + 2H 2 0 + Mn80 4 + 2NaHS0 4 . 


There are many other substances besides manganese dioxide 
which oxidise hydrogen chloride, liberating chlorine. Lead . 
dioxide, Pb(> 2 (p. 601), and barium dioxide, BaO, (p. 647),, 
are examples. The linal results in these cases are similar to ‘ 
those obtained with manganese dioxide, 

Pb(>, + 4HC1 = PhCl 2 + 2H.O + Cl 2 
Ba0 2 + 4HC1 = BaCl 2 + 2H 2 0 + Cl y 


Red lead, Pb 3 0 4 (p. 603), is decomposed by hydrochloric 
acid, giving lead monoxide, PbO, and lead dioxide, Pb0 2 ; the 
former dissolves chemically in the acid, giving the correspond¬ 
ing salt (p. 284), while the latter gives chlorine, lead chloride, 
and water, as shown above. 

Potassium dichromate (p. 506) also oxidises hydrogen - 
chloride; so also do nitric acid (footnoto, p. 236) and 
bleaching powder (pp. 286, 6*39). Chlorine is very conveni¬ 
ently prepared by dropping hydrochloric or dilute sulphuric 
acid from a tap-funnel on to bleaching powder. 

Chlorine is prepared commercially in several ways: (1) By 
heating manganese dioxide with commercial hydrochloric 
acid (p. 274); in this case the manganese dioxide is re¬ 
generated by the Weldon process (p. 447). (2) By passing 

,a mixture of air and .hydrogen chloride through chambers 
in which porous earthenware (baked clay), previously soaked 
in a solution of copper sulphate, is heated at about 380°.; 
(3) By the electrolysis of a solution of sodium chloride- 
,,(pp. 303, 672). 
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The reactions which occur in process (2) are not known, 
but the final result is the oxidation of the hydrogen chloride 
by atmospheric oxygen; the copper sulphate, or traces of" 
cupric chloride, CuCl 2 , formed from it, acts as a catalytic’ 
agent (pp. 233, 288). 

Chlorine unitos directly with nearly all other elements, but 
not with oxygen, nitrogen, or carbon ; * chlorine compounds 
of these elements may be obtained by indirect processes, but 
compounds of chlorine with fluorine and the members of the 
argon family (p. 681) are unknown. 

Chlorine also combines directly with some chlorides 
(CuCl, FeCl 2 , and PC1 3 , for example), the higher chlorides 
(CuCl 2 , FeCl 3 , PC1 6 ) being formed. 

• Most metallic oxides are decomposed by chlorine at high 
temperatures with liberation of oxygen, 

2CaO + 2Cl 2 - 2CaCl., + Q 2 . 

Chlorine generally attacks compounds which contain 
hydrogen, as, for example, water (p. 285), hydrogen sulphide 
(p.285), and ammonia (p. 521); in such cases hydrogen 
chloride is formed, and the element which was combined 
with the hydrogen is either liberated in the free shite (p. 145) 
or unites with chlorine, according to the conditions and the 
nature of the element. 

Chlorine is easily condensed to a liquid, and the liquid, 
contained in steel cylinders, is an article of commerce. 

When ice-cold water is saturated with chlorine a yellow crystal¬ 
line substance, often called chlorine hydrate, separates. The com¬ 
position of this substance is Cl 2 , 10 H 2 O ; it decomposes at ordinary 
temperatures. 


Bromine, Br 2 ; At. Wt. 79*9. 

The principal compounds of bromine which occur in nature 
correspond with those of chlorine, but are far less abundant; 

. * The expression ‘unites directly’ means that the two elements, as such, 
oomhirte together; chlorine does not act on carbon, but it reacts with 
carbon disulphide (footnote, p. 210 ), giving carbon tetrachloride, CCI 4 . 
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sea-water, for example, contains only about 3 parts of coni- 
bined bromine to every 1000 parts of combined chlorine, and 
relatively very small quantities of bromides are found in 
natural waters. 

Bromine was first obtained by Balard in 1826 from the 
mother-liquor which remains when sea-water is concentrated 
to such an extent that most of the sodium chloride is deposited 



It is easily liberated by oxidising hydrogen bromide, IIBr, 
with manganese dioxide, or with any of the other oxidising 
agents mentioned in describing chlorine (p. 407). In tine 
laboratory bromine is usually prepared by gently heating a 
mikturo of sodium bromide and manganese dioxide with 
sulphuric acid in a retort (fig. 98), 

2NaBr + Mn(\ + 3H 0 S0 4 « 

“ 2NaHKO., + MnS() 4 + 2H 2 0 + Br 2 * 

* Compare preparation of chlorine, p. 400. 
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The reddish-brown vapour which is evolved is passed into 
U receiver cooled in ice,* and the receiver is connected with' 
a wash-bottle containing water, so that no vapour escapes j 
into the rdom.t } 

The liquid thus obtained is freed from hydrogen bromide- 
by distilling it with a little manganese dioxide, and from 
water by shaking it with concentrated sulphuric acid, in 
which it is insoluble. If pure materials have been used the 
element is then pure. 

On the large scale bromine is manufactured from the 
bromides occurring in certain natural waters, in sea-water, 
or in the mother-liquors obtained in crystallising the salts' 
of the Stassfurt deposits (p. 676). These solutions, widely 
contain other halogen salts, are concentrated, and the’ 
chlorides and sulphates which crystallise out are removed ^ - 
the mother-liquors are then heated with manganese dioxide i 
and sulphuric acid, or treated with chlorine, or submitted . 
to electrolysis (p. 672). The liberated bromine is tlien , 
volatilised and the vapour is condensed. 

Commercial bromine may contain many impurities such as 
hydrogen bromide, chlorine, iodine, and bromoform, and the 
pure element is best prepared from purified sodium bromide , 
as described above. 

Sodium bromide, which is itself prepared from commercial 
bromine, is purified by recrystallisation from water, and is 
freed from iodide by treating it with a little bromine; the ; - 
bromine prepared from this sodium bromide is distilled with 
sodium bromide to free it from chlorine, and is then used to 
prepare pure sodium bromide (p. 433). 

Bromine melts at —7*5°, and at ordinary temperatures is 
a dark reddish-brown liquid, the vapour of which has an 
intensely disagreeable and irritating smell. The vapour should 
not be deeply inhaled even in small quantities, as it seriously : 

The vessel containing the ice in oinittori from the figure for the sake of, 
ofcamepe. * 

+ very poisonous and extremely corrosive. , v V 
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affects the respiratory organs, but the smell of the diluted 
vapour may bo cautiously examined. The liquid has a sp. gr. 
2*99 at 15°, and boils at about 63°. Bromine is soluble in 
about 33 times its own volume of water, giving a yellowish- 
brown solution {bromine water), but it is much more soluble 
in an aqueous solution of -sodium bromide, and is miscible 
with many liquid carbon compounds such as carbon disulphide 
and chloroform. 

In chemical properties bromine is very similar to chlorine! 
and is a very active element. Although it does not unite 
with oxygen, it combines directly with most of the common 
elements, whether non-metals or metals, in some cases with , 
great violence. When, for example, a small piece (say 0,*5 . 
gram) of phosphorus is dropped into a test-tube containing ’ 
bromine (say 2 c.c.) an explosive reaction occurs, and a yellow 
crystalline compound, phosphorus pentabrowide , PBrg, »1 
formed.* When powdered antimony is dropped into excess ‘ 
of bromine, antimony trihromi/ie is formed with development 
of light and heat, a violent reaction taking place.* 

Bromine, like chlorine, acts on many compounds of hydro¬ 
gen, and combines with the hydrogen, forming hydrogen , 
bromide (p. 418) ; it is therefore an oxidising agent. Bromine 
water is also a very useful oxidising agent; although bromine 
does not decompose water appreciably except in direct sun¬ 
light, the reversible reaction, * 

H 2 0 + Br 2 <—> HBr + HBrO, 

takes place rapidly from left to right in presence of some 
substance which decomposes the hypohromous acid, HBrO, 
and thus diminishes its concentration (p. 355). Hence in' 
presence of water, bromine, like chlorine, oxidises certain 
coloured compounds to colourless ones; that is to say, it 
bleaches them. 

Free bromine, eveu if present in very small quantities only, 
may be detected by its colour and by its smell (cautiously 

* In all experiments with bromine greet care should be taken to protect 
the eyes as well as the lungs, , - 
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observed); in very mi mi to quantities, by extracting it from 
the solution or gas in which it is contained with carbon 
disulphide and then shaking the extract with potassium 
iodide and starch solution, when a blue colouration due to 
the liberation of iodine is produced (p. 415). Chlorine and 
many other substances also give this reaction. 

Bromine is not much used except in the laboratory, but 
bromides are employed in photography and in medicine; 
these bromides are all originally prepared from bromine. 

Iodine, I 2 ; At. Wt. 126*9. 

Although iodides are very widely diffused and occur in 
many natural waters, as well as in sea-water, they aTe present 
in quantities so extremely small that their presence is difficult 
tp detect. Fortunately many animals and plants (sponges, 
seaweeds) which live in sea-water have the property of 
abstracting combined iodine (and combined bromine) from 
the water and concentrating it in their tissues ■ * consequently 
seaweed is an important, and until recently was the only, 
source of the iodine and iodides of commerce, which are now 
also obtained from Chili saltpetre (caliche, p. 414). 

Iodine was discovered by Courtois in 1812 in a sample of 
sodium carbonate which had been prepared from the ashes 
of plants, those plants having grown near the sea-shore. It 
is generally prepared in the laboratory by heating a mixture 
of sodium iodide and manganese dioxide with sulphuric acid 
in a retort; the violet vapour which is evolved condenses 
to steel-blue crystals in the neck of the retort and in the 
receiver, 

2NaI + MnO, + 3H 2 S0 4 = 2NaHRG 4 + MnS0 4 + 2H 2 0 +1 2 . t 
The apparatus which is employed is the same as in the 

, * Iodides also occur in minute quantities in some frexli-water plants and 
in terrestrial animals. The thyroid gland of man and of many animals 
'xmtains notable quantities of combined iodine, and this element seems to 
be essential |o the life of the higher organisms, 
t Compare preparation of chlorine, p. 406. 
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preparation of bromine (fig. 98, p. 409), but the receiver 
need not be cooled with ice. With pure sodium iodide and 
other pure materials, the iodine obtained is free # from any 
appreciable quantity of impurity. 

In the preparation of iodine commercially, sun-dried sea¬ 
weed is burnt in shallow pits (or is submitted to destructive 
distillation, p. 114), and the ash .known as help or varec is 
extracted with water. 

From the aqueous extract a large proportion of the chlorides, 
sulphates, and carbonates of sodium and potassium is separated 
by crystallisation, and the mother-liquor is then treated with 
sulphuric acid in order to decompose sulphides and thio¬ 
sulphates (p. 496).* The sodium sulphate which is formed 
in this decomposition may also be removed by crystallisation. 

The liquors (which contain chlorides, bromides, and iodides) 
are placed in iron retorts, sulphuric acid is added, and then a 
relatively small (jua nitty of manganese dioxide ; on their being 
heated, iodine is liberated and the vapour is condensed in a series 
of earthenware vessels. A little more manganese dioxide is 
then added, and the heating is continued; these operations 
are repeated until the addition of manganese dioxide causes 
the liberation of bromine, at which point distillation is 
stopped. The liquor’s remaining in the still are afterwards 
used for the preparation of bromine.f 

Instead of distilling kelp or varec liquors with manganese 

I * Sulphides are formed from the sulphates by reduction during the 
burning of the seaweed, 'thiosulphates are produced by the atmospheric 
oxidation of the sulphides in aqueous solution (p. 4%). 

t On manganese dioxide being added in small quantities at a time to a 
solution of chlorides, bromides, and iodides in presence of sulphuric acid, all. 
three halogens may be momentarily and locally liberated by the oxidation of 
the lialogon acids contained in the liquid; but so long as hydriodic acid is 
present in sufficient quantity neither bromine nor chlorine esca)>c8 from 
the solution, because both these elements immediately act on tlio hydrogen 
iodide, liberating iodine. When, however, the hydrogen iodide has all 
been oxidised by the manganese dioxide, bromine begins to escape; chlorine 
is not evolved until all the hydrogen bromide boon oxidised, because it 
note on the latter, liberating bromine. 



414 


THE HALOGENS. 


dioxide and sulphuric acid, they may be treated with chlorine 
in quantities just sufficient to liberate the iodine, 

( 2KaI + Cl 2 - 2NaCl +1 2 , f 

.which is precipitated as a solid and is separated by filtration.* 

A mueli more important source of iodine is a saline mineral 
called caliche, which occurs in Peru, and which is essentially 
the same as Chili saltpetre (p. 241). Caliche consists prin¬ 
cipally of sodium nitrate, but also contains chlorides and 
iodates (probably potassium iodato, p. 436). When it is puri¬ 
fied by recrystallisation from water, the iodates remain in the 
mother-liquor, t and from the latter iodine is precipitated 
by adding sulphurous acid or sodium hydrogen sulphite, 

2KIO s + SH.jBOjj - Jv 2 S0 4 + 41I 2 S0 4 + II 2 0 +I 2 . 

£ Commercial iodine may contain bromine, chloride of iodine 
(p. 429), salts, and moisture. It is puritiod by dissolving it 
in an aqueous solution of potassium iodide, (see below), and 
then precipitating it from the filtered solution by adding 
water; \ it is afterwards dried on porous earthenware over 
sulphuric acid, and is finally sublimed (p. 19). 

Iodine is a lustrous, grayish-black crystalline substance, 
which in thin layers is transparent, showing a brownish-red 
colour. Its sp. gr. is 4‘95 at 17°. It melts at 115° and boils 
at 184°, but it vaporises even at ordinary temperatures, and 
sublimes readily at temperatures below its melting-point; 
its vapour has a beautiful purple coIout and a characteristic 
smell. 

Iodine is only very sparingly soluble in water, but it 
dissolves much more freely in an aqueous solution of 
potassium iodide, and also in many liquid carbon compounds ; ‘ 


* Although chlorine also liberates bromine from bromides, bromine is ' 
Hot set free in 'this process until all the iodides have been deoompoaed, 
because bromine liberates iodine from iodides. 

,, i* Not because the iodates aro more readily soluble than the other salts, 
but liecause they aro present in so small a quantity that the solution is not 
..$s|u rated with them (p. 82). 

' 5 Iodine nets on filter-paper of poor quality, for which reason filters of 
glass-wool tj. ^eboutos are employed. . 
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its solution in alcohol, ether, or acetic acid is brown, like, the 
solution in water, but its solutions in chloroform and carbon 
disulphide have a purple colour, like that of iodine vapour.* 

Iodine is very similar to bromine in chemical properties, 
hut is not so active ; it does not unite directly with oxygen, 
but it does so with some non-metals and with many metals. 
When (colourless) phosphorus is placed on iodine it takes 
lire spontaneously, and if free access of air is prevented 
(to avoid the formation of phosphorus pentoxido) most of 
the phosphorus is converted into u yellow solid, phosphorus 
triiodide ,, PI 3 . When mercury and iodine are rubbed to¬ 
gether a green powder (which probably contains mercurous 
iodide), or a scarlet substances (mercuric iodide, IIgI 2 ), or a 
mixture of the two, is produced, according to the relative* 
quantities of the two elements. 

Iodine, like bromine and chlorine, is an oxidising agent, 
but its oxidising action is almost entirely confined to reactions 
which occur in presence of water. Thus it oxidises hydrogen 
sulphide in aqueous solution (p. 339), and also sulphurous 
acid, 

H 2 S0 3 +1 2 + H 2 () - I1 2 S0 4 + 2H1. 

The latter reaction is a readily reversible one, and at ordinary 
temperatures hydrogen iodide is oxidised by concentrated 
sulphuric acid, but in presence of excess of water the reaction 
proceeds from left to right until it is practically complete. 

Free iodine gives a beautiful and very delicate colour- 
reaction with an aqueous solution of starch or with starch- 
paste (p. 125), the addition of a minute quantity of the free 
element producing a dark-blue colour, which disappears on 
warming the ‘Solution or paste, but comes again on cooling. 
Combined iodiiie, that is to say, an iodide or other iodine 
compound,' does not give’ this colouration. 

Since iodine is liberated from iodides by chlorine, bromine, 

»• W w.', A 

* It exactly known why some solvents •jive brown, others violet, 

fK»)Utfoni^tm't it la beliitvod that in the brown solutions some of the iodine 
oombiaoiriwith tlfe solvent. 
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ozone (p. 462), nitric acid, nitrous acid, and nitrogen tetroxide, 
by hydrogen peroxide in presence of an acid (p. 473), and by 
many other oxidising agents, and the liberated iodine, may be 
easily detected with the aid of starch, those facts are. utilised 
in testing for the various substances just named. Strips of 
paper coated wiJLh a little starch-pas to containing potassium 
iodide (starch-potassium-iodide papers) are used for this 
purpose; the papers are moistened and exposed to the gas, 
or immersed in the liquid, which is to be tested lor the 
oxidising agent. Obviously since so many substances liberate 
iodine, the appearance of the blue colour is not a distinctive 
test in any way, and the presence of any suspected substance 
must be confirmed by other methods. 

e An important method for the estimation of iodine is 
described later (p. 497). 

Iodine is used in medicine and in tho manufacture of sill 
iodides and iodine compounds (such as iodoform), many of 
which arc used as drugs or antiseptics, and in photography. 


CHAPTER XLV. 

The Halogen Acids.* 

Hydrogen chloride, H( 1 (p. 142), is formed when a 
mixture of hydrogen and chlorine is ignited, or exposed to 
direct sunlight, or to the light given out by burning mag¬ 
nesium, a violent explosion taking place unless one of the 
gases is present in very great excess. 

A mixture of hydrogen and chlorine in approximately equal 
volumes may be conveniently prepared by the electrolysis of 
concentrated hydrochloric acid in the apparatus shown in lig. 44, 
but using carbon instead of platinum electrodes. This experiment 
must be conducted in a dimly lighted room, and the explosive 
mixture must he very cautiously used. 

* * * It must be remembered that hydrogen fluoride (p. 399) is one of tl)V 
halogen aoids^ 
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In preparing hydrogen chloride use is made of the fact . 
thall sulphuric, acid decomposes sodium chloride and other 
chlorides (p. 359). When the reaction occurs at ordinary 
temperatures sodium hydrogen sulphate (p. 258) is formed, 
and when pure materials are used pure hydrogen chloride is 
evolved, 

NaCl + H 2 S() 4 = NaHS0 4 + HC1. 

At much higher temperatures two molecules of sodium chloride 
may he decomposed by one molecule of the acid, because the 
sodium hydrogen sulphate which is iirst produced also acts 
on sodium chloride, 

NaCl + NaHS0 4 - NaoS0 4 + IIC1. 

Commercial hydrochloric acid, which is obtained as % 
by-product in the Leblanc process (p. 274), very often 
contains arsenic and iron as chlorides, chlorine, sulphur 
dioxide, sulphuric acid, and dissolved safys such as sodium 
chloride. The source of many of these impurities is the 
commercial oil of vitriol, made from iron pyrites (p. 221) 
by the ‘leaden chamber process ’ (p. 287), and the purification 
of commercial hydrochloric acid is a troublesome operation 
seldom attempted. 

The nature of the impurities in a commercial product may 
often be foretold by considering what impurities (1) may bo 
present in the materials used," or (2) may be derived from the 
materials of the apparatus, or (3) may be present as the result 
of secondary reactions. Now ‘chamber acid,’ made from 
pyrites, often contains arsenic compounds which, in the 
preparation of hydrogen chloride, give (volatile) arsenic 
trichloride; also oxides of nitrogen, which are acted on by 
the hydrogen chloride, giving chlorine. Sulphur dioxide may 
be formed by the decomposition of sulphuric acid at high 
temperatures, and some sulphuric- acid may volatilise together 
with the hydrogen chloride ; chloride of iron and dissolved 
salts may be derived from the apparatus. 

When concentrated hydrochloric acid (p. 143) is heated, 

Ijwiv. 2 a 
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hydrogen chloride is evolved and the solution begins to boil 
at about 60 , but the boiling-point rists continuously until 
it readies and Ihjcoiiics constant at J 10'’ under a pressure of 
760 mm. The liquid which distils at this constant tem¬ 
perature is constant in composition, and contains 20*2 per 
cent, of hydrogen chloride; but ■when the pressure is altered, 
a liquid having a different boiling point and a different 
composition ultimately distils over. 'When very dilute 
hydrochloric acid is heated the liquid begins to boil just 
above 100°, and water passes over; the boiling j joint then 
begins to rise, and finally reaches 110 r (under a pressure of 
760 mm.), at which temperature the same liquid of constant 
boiling-point is obtained as when the process stalls with the 
concentrated acid. 

The very groat solubility of hydrogen chloride in cold 
water, compared with the solubility of gases sucli as oxygen, 
hydrogen, and nitrogen, seems to show that hydrogen chloride, 
like sulphur dioxide (p. 233), carbon dioxide (p. 271), and 
ammonia (p. 266), combines with water to form some soluble 
compound, which, however, is unstable, and decomposes when 
the solution is heated. This view accords with the fact that 
the behaviour of hydrogen chloride towards water is not 
expressed by Henry’s law (p. 164). 

The weight of hydrogen chloride, contained in a given 
weight or volume of hydrochloric acid may be determined by 
titration (p. 256) if no other acid is present, or by precipita¬ 
tion with silver nitrate (p. 149) if other chlorides, &c., are 
absent. As the specific gravities of solutions of hydrogen 
chloride of all possible concentrations have been recorded, 
the percentage of dissolved gas may also he determined by 
finding the specific gravity of the solution, provided that no 
other substance is present. 

Hydrogen Bromide, HBr. 

Bromine and hydrogen unite only when they are heated 
together. A flame of burning hydrogen continues to burn 
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in bromine vapour, and hydrogen bromide is also formed 
when a mixture of hydrogen and bromine vapour is passed 
through a glass tube containing pumice-stono vvhicli is main¬ 
tained at a dull red beat. The reaction is readily reversible. 

Hydrogen bromide is not prepared by heating a bromide 
with sulphuric acid, Jiecause it is less stalje (p. 333) than 
hydrogen chloride and is decomposed by hot concentrated 
sulphuric acid, in accordance with the following equation, 


2Tnir + I h,S0 4 > Br a + SO, + 2II 2 0. 

It may be obtained by very carefully adding water to 
phosphorus tribromido (p. 544) or phosphorus pentahromide 
(p. 515), which is contained in a flask provided with a tap- 
fuimol and a delivery-tube, 

rn r .< + 3ir.,(> -- sir Hr + r(oii) 3 * 

Plir, + in,]( > - 5H Hr + II a P0 4 > 


Tt is, howevr, much more conveniently prepared by 
decomposing phosphorus pentahromide with the water of 
hydration contained in some suitable, salt; under those 
conditions the reaction is more easily regulated, and the 
theoretical quantity of water may be used. For this purpose 
5-10 grams of borax [hydrated sodium tetraborate, p. 607) 
are placed in a flank, and 10 *20 grams t of coarsely crystalline 
phosphorus pentahromide are added. The flask is immediately 
closed with a cork, through which passes a delivery - tube 
leading to the bottom of a dry gas-jar. On the contents 
of the Husk being shaken cautiously, hydrogen bromide is 
rapidly evolved ; | when the reaction slackens, the contents 


* This equation probably summarises the two changes expressed by the 
partial equations, 

PBr,+5H a O = 5HBr t F(OH) s and P(OH) ft =PO(01I )* H- H a O. 
t Compare footnote 1, p.‘ 62, on quantities. The quantities of these 
substances required to produce a certain volume of the gas may, of course, 
he calculated. 

+ For convenience in shaking, a very short delivery-tube is passed 
through the cork, and this is connected with a longer glass tube by lueaqs 

pt india-rubber tubing. 
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of the flask are gently warmed. The gas is collected by the 
upward displacement of air (p. 06) or over mercury, and is 
sufficiently pure for ordinary purposes. 

Hydrogen bioinide is often prepared by my vant ion sly adding 
bromine, diop by drop, to red phosphnt us (lig. 99) in presence of 
water. The reaction is at first a \eiy violent one, flashes of light 



Fig. 99. 


are seen, and an explosion may occur unless care is taken. It 
may fie supposed that the phosphorus and bromine combine to 
form phosphorus trihromide, which is then decomposed (see aliovu), 
the final results being expressed by the equation, 

P 4 + 6Br 2 + 1211./) 12H B. + 4H.PO,. 

The escaping hydrogen Voinide contains firoinine va]»onr, and is 
led through the U-tnhe, which contains a very loosely packed 
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mixture of broken glass and damp red phosphorus; the bromine 
is thus converted into hydrogen bromide. The gas may be dried 
bv passing it through vessels containing phosphorus pentoxide 
(not sulphuric acid). . , 

An aqueous solution of the gas may ho prepared by passing 
hydrogen sulphide through hrominc water, under which is a 
layer ol' bromine, 

8H a + Hr a -2HBr + S;* 

the precipitated sulphur is afterwards separated by filtration, 
and the hydrobromio acid is purified by distillation. 

Hydrogen bromide is a colourless gas which fumes in moist 
air ; it is very similar to hydrogen chloride in most respects, 
but is not so stable (p. 419). 

r J he aqueous solution, lujdrohrowlc arid, behaves very like 
hydrochloric acid : when a cold saturated solution is heate'i 
it loses hydrogen bromide and becomes more and more dilute, 
until at 12G (700 mm. pressure) a liquid of constant boiling- 
point ■which contains 47*4 per cent, of hydrogen bromide 
passes over. The same liquid is ultimately obtained when a 
more dilute solution is distilled. 

Hydrogen Iodide, III. 

Hydrogen and iodine do not combine to any appreciable 
extent except at high temperatures, and as hydrogen iodide 
is decomposed hy sulphuric* aeid even more readily than is 
hydrogen bromide (p. 419), it cannot be prepared by beating 
an iodide will) sulphuric acid. 

In preparing hydrogen iodide in the laboratory water may 
he slowly dropped on phosphorus triiodide, 

PI, + 3H..O - 3Hi + P(OH)j, 

or water may )>e slowly added to a mixture of iodine and red 
phosphorus. In the latter case it may be supposed that the 
first stage in the reaction is the combination of the two 

* Although the molecular formula of sulphur is (and htrietly speaking 
the expression S is incorrect), the use of the molecular formula leads to 
such complex equations that it is seldom employed. 
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elements to form phosphorus triiodide, which then undergoes 
hydrolysis as shown above. 

As in the case of hydrogen bromide (p. 419), the water 
required for the interaction is most conveniently derived 
from some hydrated salt such as borax, and hydrogen iodide 
is therefore prepared as follows. 

Dry red phosphorus * and dry iodine are ground together 
in a mortar, and the mixture is placed in a flask containing 
borax. Tin; delivery -tube of the flask may be connected 
with a bulb-tube which contains very loosely packed broken 
glass, or glass beads, mixed with some (not too damp) rod 
phosphorus. On the contents of the flask being cautiously 
shaken, h) drogen iodide is evolved,t and later on the contents 
6f the flask are gently heated ; any iodine which is volatilised 
is converted into hydrogen iodide by the dump rod phosphorus 
in the bulb. If a considerable e./rw of phosphorus is mixed 
will) the iodine in the flask this hull) h hardly required. 
The gas may be collected by the. upward displacement of air 
or over mercury. 

The apparatus used in piupuring hydrogen iodide by dropping 
water on to a mixture of iodine nnd led phosphorus is sjmiku to 
that shown in lij* Oil. The gas may lie diied with the aid of 
phosphorus pentoxide. 

An aqueous solution of hydrogen iodide is conveniently 
prepared by passing hydrogen sulphide into water which 
contains dissolved and undissolved iodine, 

SII 2 + Io - 2H1 4- 8 ; 

the solution is ultimately filtered from the precipitated 
sulphur, and is then distilled. 

Hydrogen iodide is a colourless gas which, fumes in moist 

* The quantities of red phosphorus, iodine, and ho rax required to yield 
a certain volume of the gas may he calculated ; the phosphorus is used in 
excess. 

t Compare footnote t, p. 419, as regards rubber connection. I’lios- 
pboniuin iodide (p. 541) is formed in this experiment, and care should be 
taken that no part of the apparatus gets blocked by this solid. 



THE HALOGEN ACIDS. 


423 

air; it closely resembles hydrogen bromide, but is less stable 
than the latter. Its aqueous solution, hydriodic arid , re¬ 
sembles hydrobromic acid; the liquid of constant boiling- 
point (namely, 127° under 774 mm. pressure) which is finally 
obtained when concentrated or dilute solutions of hydriodic 
acid are distilled contains 57 per cent, of hydrogen iodide. 

Hydriodic acid soon becomes -brown when kept, especially 
in bright sunlight, owing to the oxidation of the hydrogen 
iodide by atmospheric oxygen. In order to reconvert the 
iodine into hydrogen iodide, such brown solutions may be 
treated with a sufficient quantity of red phosphorus (see 
above), and then distilled to free them from phosphorous 
acid.. 

All those substances which liberate iodine from potassium 
iodide (p. 415) oxidise hydrogen iodide to iodine, and the 
formation of hydrogen iodide is probably the first stage in 
the reaction when the oxidising substance is an acid. 

Hydrogen iodide dissociates when it is heated above 180°, 
giving iodine and hydrogen, 

2111 ^-II, +1. 2 . 

At A 15 J equilibrium is attained when 21 5 per cent, of 
the compound is decomposed ; the addition of hydrogen, or 
of iodine vapour, to the compound diminishes the amount 
of dissociation in accordance with the principles already 
explained (p. 366). 

Hydriodic acid is used as a reducing agent, chiefly in 
working with organic compounds, which are heated with the 
concentrated acid in seuled tubes at a temperature of about 
250'. The hydrogen iodide dissociates, and thus provides the 
hydrogen necessary for the reduction. 

TllK IvKLATK >NHlIir HKTWKF.N TIIE HaLOAENB. 

Although the four halogens are very different from one 
another in physical properties ;it ordinary temperatures, they 
are very closely related in their general chemical behaviour > 
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that is to say, if ouo of them is known to combine with a 
given element, it may he presumed that the other three will 
do so likewise, and that the four compounds thus formed 
will be clo*sely related in properties. 

Now, on considering the molecular formula* of the com¬ 
pounds which the halogens form with any given element, it 
is evident that these compounds are all of the same type ; 
the molecules of these compounds contain the same number 
of atoms of a halogen united with a fixed number of atoms of 
the other element. Tims the hydrogen compounds of the 
halogens are HF, HC1, HHr, and HI ; the sodium compounds 
are NaF, Na(’l, JS T a 1 >r, and Xal ; the calcium compounds are 
CaF 2 , CaCl L „ Cal>r 2 , and Cab,; and so on. 

This similarity in type of corresponding halogen compounds 
is due to the fact that in all such corresponding compounds 
the four halogens have the same valency (p. 20G). As the 
physical and chemical properties of compounds depend very 
greatly on the structure (p. 331) of their molecules, and as 
the structure of a molecule is closely connected with the 
valencies of the elements contained in it, elements of similar 
valency form compounds of similar structure, and these 
compounds are similar in physical and chemical properties. 

The relationship between the four halogens is most clearly 
brought out by arranging them in the order of their atomic 
weights. When this is done certain marked regularities are 
observed. In the first place, all the physical properties of 
the four elements and those of any series of corresponding 
halogen compounds show a gradual change in passing from 
fluorine to iodine, or from the fluorine to the iodine com¬ 
pound. 

This regularity is illustrated by the following data : 



Molecular 

Formula. 

Atomic 

Weight. 

M.P. 

B. P. 

Sp. Gr. of 
Liquid or Solid. 

Fluorine 

• F a 

]» 

-210° 

- 186' 

1 *14. 

Chlorine 

. Cl., 

35 *5 

-102° 

- 35“ 

1 -33 at b.p. 

bromine 

Hr 2 

79 9 

- 7-5° 

+ 03‘ 

3-18 at0° 

Iodine 

• . Io 

126'9 

+ 115° 

+ 180° 

4-95 at 17° 
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Molecular 

Formula, 

M.P. 

B.P. 

Density 
of (las. 

Hydrogen fluoride 

11F 

- — 

+ 19'* 

10 

Hydrogen chloride 

IJ('I 

-111’ 

- 84 # 

18-2 

Hydrogen bromide 

mil 

- 88° 

- 65" 

40 5 

Hydrogen iodide 

HI 

- r>r 

-34° 

64 


Molecular 

Formula. 

• 

Sp. (Jr. 

Solubility in 
watei ut 0*. 

Sodium fluoride . 

. NaF 

2-8 + 

4-8 (at 16°) 

Sodium chloiule . 

. Na(H 

21 

35-7 


Sodium bromide . 

. Nallr 

3 0 

77 5 


Sodium iodide 

. Nal 

3-5 

158 0 



Tn tin 1 siwiiid place, the chemical properties of the four 
elements and those of any four corresponding halogen com¬ 
pounds are very similar, hut at the same time then; is ^ 
gradual change in passing from fluorine to iodine or from 
a fluorine to an iodine, compound. Take ns an exam])!*' the 
behaviour of the halogens towards hydrogen. They all 
combine with this element to form a compound of the type 
IIX, which is a monobasic acid , all these acids aie very 
similar to one another in general chemical behaviour, hut 
at the same time the temperature at which the halogen 
combines with hydrogen gradually rises, and the chemical 
properties of the acids thus formed show a gradual change. 
Hydrogen and fluorine combine rapidly even in the dark ; 
hydrogen and chlorine do not combine appreciably in the 
dark, hut do so rapidly in sunlight at ordinary temperatures; 
hydrogen and bromine do not combine appreciably unless 
they are gently heated together ; hydrogen and iodine do not 
combine unless they are heated together at a dull-red heat. 
No matter what property of the acids is considered, there 
* is almost invariably this gradual variation in passing from 
hydrogen fluoride to hydrogen iodide. 

* The high boiling-point of hydrogen fluoride in comparison with thoBe 
of the other halogen acids is doubtless due to the association (p. 384) of the 
molecules of the acid. 

t The first member of a family often shows a somewhat ‘abnormal’ 
behaviour. 
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The. difference in behaviour and the gradual variation in 
properties of the halogen acids arc most definitely expressed 
in terms yf the heats of formation (p. 337) of the four com¬ 
pounds from the gaseous elements ; the values are as follows, 

11,+ F., - 211F +37,000x2 calories. 

TL + Ch, - 21IC1 + 22,000 x 2 

1I~ + Bit, — 2H.Br + 8,100 x 2 .. 

H 2 +I./ 2111 -0,000 x 2 

It is thus seen that whereas the first three compounds are 
exothermic, lull with decreasing heats of formation, hydrogen 
iodide is endothermic; this explains to some extent why the, 
reactions expressed by tlie^e equations take place with dimin¬ 
ishing readiness (p. 338); also w'hy bromine readily displaces 
iodine from hydrogen iodide and chlorine displaces bromine 
from hydrogen bromide, (’onversely, it w r ould seem that the 
displacement of bromine by iodine, or of chlorine by bromine, 
does not occur to any appreciable extent, because Hie reactions 
would be strongly endothermic. 

Similar gradations and relationships to those observed in 
tli*' ruse of the halogen acids aie met with *»n comparing the 
physical and chemical properties of any other set of com* 
spending halogen compounds ; the lour halogens, therefore, 
form a natural family. 

Since the halogens form a natural family, their study 
is facilitated to home extent, because many facts which 
before seemed to be isolated now become correlate* 1 and are 
easier to remember. Having learnt, for example, that calcium 
chloride has fin* formula CuCl.„ one might infer by analogy 
that calcium iodide would exist and have tin- formula Cal a ;, 
and knowing that calcium cjjpride is colourless, crystalline, 
and soluble in water, one might, also mfei that calcium iodide 
would show similar propci lies. 

fu the case of the halogen family most, of the inferences 
billed on analogy would be correct, because the relationship" 
is particularly close and the regularities are very well marked. 



THfc HALOGKH ACIDS. 


42 * 

But even in this family (and much more so in others which 
will Ik*, described later) the elements or their compounds may 
show a wholly unexpected or abnormal behaviour in respect 
to some particular property or properties. Thus the boiling- 
point ol' hydrogen fluoride, is hiyhrr than that of hydrogen 
chloride. Calcium fluoride is insoluble in water, whereas the 
other three calcium halides are readily soluble. Silver fluoride 
is soluble, in water, whereas the other three silver halides are 
insoluble. Facts such as these and other eases of abnormal 
behaviour should he carefully noted, otherwise incorrect in¬ 
ferences may he based on the knowledge that on tlic whole 
the halogens are very closely related. 

The members of a natural family are generally found 
together in nature and in a similar state of combinatiorf 
owing to the similarity in properties of their corresponding 
compounds. For the same reason the elements of a natural 
family or their corresponding compounds are often separated 
from one another only with difficulty. Sodium chloride, for 
example, cannot be completely separated from sodium bromide 
by fractional crystallisation (p. 32), and it is very difficult 
to separate silver chloride from siher bromide by any direct 
process. 

The members of a natural family are generally prepared by 
similar methods, as are also .their corresponding compounds, 
unless the particular method becomes inapplicable owing to 
the gradual change in properties which invariably occurs. 
For example, all the halogens may he prepared hv the 
electrolysis of their sodium compounds, hut in the case of 
fluorine tin* process must ho carried out in absence of water. 
Chlorine, bromine, ami iodine may be easily obtained by the 
oxidation of their hydrogen compounds, but this method is 
not applicable in the case of fluorine unless every trace of 
water is excluded. All the halogen acids are liberated from 
their salts by sulphuric acid, but as sulphuric acid oxidises 
hydrogen iodide, and hydrogen bromide, only the chlorine and 
fluorine compounds are prepared in this way. 
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The halogen compounds of the non-metals are as a rule 
coinjtlcfaff/ hydrolysed by water, giving a halogen acid and the 
hydroxide (acid) of the non-metal, and the reaction is not 
appreciably reversible (p. 361) ; the most notable exception 
is carbon tetrachloride, which is not decomposed even by 
boiling water. * The halogen compounds of the metals, as 
a rule, are soluble in and are not decomposed by water, or, 
if they are hydrolysed, the reaetion is reversed in presence 
of excess of hydrochloric acid (p. 3(12). The common in¬ 
soluble metallic halides are the silver, mercurm/s, and cuprous 
compounds; the lead salts are only sparingly soluble. 

The separation of chlorine, bromine, and iodine from one 
another when they arts present in mixtures of their compounds 
I’nay he accomplished in various ways;* hut. as the elements 
are so similar in chemical properties it is not easy to obtain 


a complete separation. 

In one method the solution containing the salts of the 
three halogen acids is treated with dilute sulphuric acid 
and potassium nitrite ; the hydrogen iodide is oxidised b\ the 
nitrous acid, and the liberated mdine may be expelled by 
boiling the solution. The solution is then neutralised with 
sodium carbonate and treated with dUtile nitric acid ; the. 
hydrogen bromide i.s thus oxidised, and the bromine may be 
expelled by boiling the solution. The treatment with dilute 
nitric acid having been continued until no more bromine is 
evolved, the solution then contains the chloride, from which 
the chlorine may be obtained by the usual methods. 

Some compounds formed by the union of two of the 


* It is customary, especially in reference to qualitative analysis, to 
speak of the separation of two or more elcwrnfs, when what is really meant 
is the separation of some romp'miuh of those elements. Tlius if a solution 
containing silver nitrate anil potassium nit,rat* 1 is treated with sufficient 
hydrochloric acid to precipitate all the combined silver, and the silver 
chloride is then removed by filtration, the ‘silver’ and ‘potassium’ are 
said to have been separated from one another, although both metals * 
' arc still in a combined form. Consequently in describing such separations 
it may tie. unnecessary to state how the free elements are obtained, tho 
methods employed for such purposes having been given elsewhere. 
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halogen elements are known, hut they are not of much 
importance. When chlorine is passed over melted iodine 
in absence of moisture, iodine monochloride, ICJ, distils, 
and condenses to a reddish-brown liquid which crystallises 
when it is cooled. The monochloride combines directly with 
chlorine, giving iodine trichloride, 1C1 S , an orange crystalline 
solid. The compounds IF & , lHr, and Cl Hr are also known. 


CHAPTER XLVI. 

The Oxides and Oxy-Acids of the 

Halogens. 

"None of the halogens combines directly with oxygen ; hut 
oxides of chlorine and of iodine may be obtained by indirect 
processes. Several important compounds containing chlorine, 
bromine, or iodine, combined with oxygen a?id hydrogen, are 
also known ; these compounds are classed together as the 
oxy-halogen acids. 

Compounds of ttik Type HOX oit II- <> —X. 

When chlorine is passed into a co/d aqueous solution of 
potassium hydroxide (p. (577) .the gas is rapidly absorbed and 
the potassium salt of /ijipocldonnat acid is formed, together 
with potassium clih ride and water, 

Cl, + 2K< )H - KOC1 + KC1 + II/). 

The solution has bleaching properties, especially when it is 
acidified, and as long ago as 1785 such a solution was pre¬ 
pared by Bcrthollet at da voile for bleaching on a large scale. 

The solution was known as ‘ Emt dc Jeter He, ’ and was actually 
obtained by using crude potashes (potassium cnrlmnate, p. 276) 
instead of potassium hydroxide ; the results are not quite the same 
as when potassium hydroxide is used (p. 430). 

When bromine is dropped into a cold aqueous solution of 
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potassium hydroxide tho colour of the halogen immediately 
disappears, and the two salts, potassium bromide and futlas- 
sium hypojiromite, remain in solution, 

Br u + 2KOII-- KUr + KOBv + II/). 

In like maimer iodine dissolves in potassium liydroxidc 
solution, giving potassium iodide uml potassium hi/puioditc , 

KTO. 

Calcium hydroxide, barium hydroxide*, and other similar 
basic hydroxides also act on chlorine in the same way as do 
potassium hydroxide and sodium hydroxide,* a chloride and 
a hypochlorite being formed, 

2C1, + 2Ca(OII), = CaCJ, + Ca(OCl) 2 + 2H,(). 

* Corresponding compounds of bromine and of iodine ar® 
formed ill a similar manner. 

In preparing a hj'pochlorite, hypobronute, or hypoiodite, 
the solution must be kept cold (p. 4-32). 

When a feebly basic metallic oxide (such as mercuric oxide) 
or hydroxide, or a carbonate, is suspended or dissolved in 
water and a halogen is added to the liquid, reactions occur 
similar to those described above; but only the salt of the 
halogen acid is formed, the oxy-halogen acid remaining free. 
It is possible to account for this result by assuming that the 
first change under these conditions is the formation of the 
two acids, 

Cl., + H/> - HC1 + HOC1. 

The hydrochloric acid then acts on the oxide, hydroxide, or 
carbonate (forming a chloride), hut the hypocldorous acid, 
which is a very weak acid (sec below), does not, and remains 
in the free state;. The linal result may therefore bo expressed 
by an equation such as, 

2C1 2 + IlgO + H 2 0 * HgCl 2 + 2II0C1. 

* Sodium hydroxide and potassium hydi oxide are so similar in properties 
that for most purposes it makes little difference which is used, except, of 
Qpurse, that the one gives sodium, the other potassium derivatives. 
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Hypochlorous acid, 110(31, is obtained in aqueous solution 
when the solution of calcium hypochlorite rorl us indi¬ 
cated above (or a solution of bleaching powder, y. 631)) is 
ciiutiousl} 7- treated with very dilute (5 per cent.) nitric acid 
and then distilled, 

Ca(< )C1), f 21INO., - Cn(N<) 3 ) 2 + 2 f 1001. 

The quantity of nitric acid used must be less than that 
required to decompose all the, calcium hypochlorite, otherwise 
some hydrochloric acid is liberated from the. calcium chloride 
present, and some, of the hypochlorous acid is then immedi¬ 
ately decomposed, 

1101 + liOCl-Clo + HoO. 

The aqueous distillate lias a yellow colour and a peculiar,* 
disagreeable smell. 

Hypochlorous ucid is unstable, and it decomposes slowly 
even when its aqueous solution is kept in the dark, but much 
move rapidly in direct sunlight; in the. former case it gives 
principally chloric and hydrochloric acids, 

3110C1 = H01(+ 2IIC1; 

but in the latter it gives principally hydrochloric acid and 
oxygen, 

2HOCl-2!ICl+0 2 . 

* 

As chloric and hydrochloric acids react, giving chlorine, 
(p. f31^, this gas is also evolved from concentrated solutions 
of hypochlorous acid, especially when they arc warmed. 

Hypochlorous acid is only a very feeble acid, and it is 
liberated from its salts even by carbonic acid; many of its 
salts are, readily hydrolysed (p. 361). The acid is a vigor¬ 
ous oxidising agent; its aqueous solution oxidises hydrogen 
chloride,giving chlorine (see above); ammonia, giving nitrogen; 
and hydrogen sulphide, giving sulphur. Hydrogen chloride 
and water are also formed in the last two cases, 

2 NIL, + 3HOC1 N, + 3TT,<) + 31101 
SII„ + HOC1 - 8 + H..0 + H0I. 

v ■* 
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1 Typochlorous aci*l bleaches litmus, indigo, uiul many other 
eoloined carbon compounds. As the acid is readily liherated 
irom hypochlorites, the latler (calcium hypochlorite, sodium 
liypoc.hloi de) are u^cd in blenching on the commercial scale. 

Hypochlorites are formed, together with chloride's, when 
an aqueous solution of a chloride such as sodium chloride is 
submitted to electrolysis, provided that the solution is kept 
cohl and well stirred during the operation ; under these con¬ 
ditions the chlorine which is set free at the positive electrode 
is not libciated as a gas, but is acted on by the sodium 
hydroxide which is formed at the negative electrode (p. 303). 

Hypobromous acid, ]fOl»r, is similar to hvpoehlorous acid 
in properties. The existence oi hypoiodous acid, HOI, is 
doubtful. 

Chlorine monoxide, ClJ >, is formed when pun* dry chlorine 
is passed over mercuric oxide which is kept at 0°, 

Hg<) + 2C1,, - n,o + Hg(;i,. 

It is a yellowinil-brown ga", having an irritating smell, and 
it oxidi^ s many substances with explosive violence ; it dis¬ 
solves in water, giving hvpoehlorous acid, for which reason it 
is regarded a* the <infni<h'i<h• (p. 233) of tni" acid, 

Cl 2 () -b JU>= 2HOCJ. 

Compounds ok tiik Tvi*k 1IXO,, ok II — O —X(> 2 . 

When an aqueous solution of a hypochlorite is evaporated, 
even at ordinary temperatures, some of the hypochlorite 
is converted into chloride and rh/oratf ; the same change 
occur", hilt more rapidly and completely, when the solution 
is heated, 

3KOC1 2KC1 + KOlo, 

3Ca(( "h >), -- 2(Jat 1 2 -f ( a((,'l< 

Hence on chlorine being passed into a hot solution of potassium 
hydroxide, sodium hydroxide, barium hydroxide, &<•., instead 
of a hypochlorite and a chloride, a chlorate and a chloride are 
formed Tin* tinal result of tin* t wo reactions, which occur 
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successively, and which are expressed respectively by the 
equations already given, may bo summarised as follows, 

3C1, 4- r>K< )l.l 5 KOI 4 - KCK>, + 311,0 
6Cl“ + GCa(( >H) 3 - 5CaCl s 4- Cu(U10.“), + 611*0. 

As the chlorates are generally far less soluble in cold water 
than the corresponding chlorides, the former may often be 
obtained in a state of purity by evaporating the solution, 
removing the crystals which are first deposited from the cold 
solution, and then purifying them by recrystallisation from 
water. Bromates and iodates may be prepared by similar 
methods. 

Since the chlorates, bromates, and iodates of sodium and 
potassium are decomposed at a red heat, giving the corre¬ 
sponding chloride., bromide, or iodide, the preparation of one 
of these halides from the clement is accomplished by dissolv¬ 
ing the halogen in approximately the theoretical quantity 
of a solution of sodium or potassium hydroxide, and then 
evaporating the solution to dryness and strongly igniting 
the residue. The halide thus obtained is then purified by 
recrystallisation from water. 

Chloric acid, HCIO., or H-0-C1^9, is obtained in 

aqueous solution when barium chlorate is treated with a 
dilute solution of an equivalent quantity of sulphuric acid 
and the precipitated barium sulphate is separated by filtration 
through asbestos, 

Ba(ClO,) 2 + U,S0 4 = 2HC10 S 4- BaS0 4 . 

On the solution being evaporated below 40° under reduced 
pressure, a colourless, odourless, concentrated solution of the 
acid remains.* 

* The principle illustrated hero is very often used in preparing acids 
which decompose when they are heated or which are not volatile. By using 
exaotly the right proportion of sulphuric acid the whole of the barium is 
precipitated as the insoluble sulphate, and the filtered solution contains 
only the desired acid. Similarly, soluble silver salts may be decomposed 
with the equivalent quantity of hydrochloric acid, soluble lead salts with 
hydrogen sulpiride, and so on. 

limy. 3 B 
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Chloric acid decomposes when its concentrated solution is 
heated, giving perchloric acid, water, and chlorine dioxide (or 
oxygen an l chlorine), 

3H( '!<>., - HCK > 4 -I- H/) H- 2010 , 

It is a vigorous oxidising agent, and oxidises hydrogen chloride, 
for example, giving water and chlorine, 

HCK ) 3 + oil Cl - 3H/) + 3Cl a . 

The salts of chloric acid, of which potassium chlorate is 
the most important, are prepared on the large scale for use 
as oxidising agents. 

Solutions of chlorates, unless very concentrated, do not give 
a precipitate with silver nitrate, because silver chlorate, is 
soluble in water. When a chlorate is warmed with concen¬ 
trated sulphuric acid, chloric acid is liberated, but is im¬ 
mediately decomposed (see above); the chlorine dioxide thus 
formed explodes violently, so that the reaction should 
be performed with very small quantities (say (hi gram) 
only. 

Potassium chlorate, KC10 S or | j\ci - O - K, is prepared 

in the laboratory by passing chlorine into a hot solution of" 
potassium hydroxide (or potassium carbonate) until the. gas 
is no longer absorbed; the solution is then concentrated, and 
the potassium chlorate which separates on cooling (leaving 
the chloride in the mother-liquor) is recrystallised from 
boiling water. 

It ib prepared on the. large scale by first saturating hot 
‘milk of lime * with chlorine ; the solution of calcium chlorate 
and chloride thus obtained is treated with potassium chloride 
(p. 404), evaporated, and allowed to cool. As the potassium 
chlorate formed by the reversible reaction, 


Ca(C10 3 ) 2 + 2KCI <—^ 2KC10, + CaCL, 

is only sparingly soluble in cold water and is deposited in 
crystals as the solution cools, the reaction proceeds from left 



OXIDES AND OXY-ACID6 OF THE HALOGENS. 435 


to right until most of tjjo calcium chlorate has been decom¬ 
posed. The product is purified by recrysIn 1 lisation. 

Potassium chlorate is also manufactured by the •electrolysis 
of a hot solution of potassium chloride (platinum-iridium 
anodes and iron-nickel cathodes being used). The potassium 
hypochlorite formed as a'secondary product of electrolysis 
is thus converted into the chlorate and chloride, and the 
former is obtained in crystals l>y concentrating and then 
cooling the solution. Other chlorates arc prepared in a 
similar manner. 

Potassium chlorate melts at about 3(10°, and begins to 
decompose with appreciable rapidity at a slightly higher 
temperature (p. 82). Owing to its relative instability and 
the large proportion of oxygon liberated by its decompositiofi, 
it is a very vigorous oxidising agent at high temperatures 
and under other conditions as well. Thus when a little 
potassium chlorate is thrown on red-hot charcoal a vigor¬ 
ous dajfutjrnfwn ensues, and when a nnxtuie of potassium 
chlorate and sulphur, or potassium chlorate and cane-sugar, 
is struck with a hammer on ail anvil, a violent explosion 
occurs.* 

Potassium chlorate is of Urn used in the laboratory as 
an oxidising agent in conjunction with hydrochloric acid, 
which first liberates from it chloric, acid ; in such cases the 
oxidising action is due to the chlorine which is set free 
by the interaction of the chloric and hydrochloric acids 
(p. 434). It is also used in the manufacture of matches and 
fireworks. 

* It ik obvious that these mixtures must not he made hy grinding their 
components together, otherwise dangerous oxplosions will result. They 
are prepared by ourefully mixing the finely ground components (about 
1 part of sugar or 2 parts,of sulphur to 4 parts of chlorate) on a pieoe of 
paper with a horn spatula, and, particularly in the case of sulphur and 
potassium ohlorate, small quantities only (say 0‘5 gram) of the mixture 
should be prepared and used. Tin; mixture of sugar and chlorate is safe 
to handle, and maybe prepared (but not exploded) iu larger quantities (say 
10 grams); this mixture may also be inflamed by touching it with a glass 
rod which is moistened with ponooptrated sulphuric apid. 
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Chlorine dioxide, C10 2 , formed in the manner mentioned above 
(p. 434), is n dark, greenish-yellow gas which explodes when it 
is heated, giving o\\gen and chlorine. It combines with water, 
yielding a niixture of chlorous and chloiic acids; 

2ClC>o + IT,,() = 11010., + HC1() 3 , 

and with potassium hydroxide, giving a mixture of chlorite and 
chlorate. 

Chlorous acid, HCKX or II - O - CIO, is only known in the form 
of its salts (the chlorite. y), and even these undergo decomposition in 
aqueous solution, with production of a chloiate and a chloride, 

3KOIO., —2KC10 ; , + KC1. 

Bromic acid, H15rO ;{ or II - O- may be prepared in solu¬ 

tion by methods similar to those used in the case of chloric acid, 
which it resembles in propei ties. When treated with iodine it 
gives iodic acid, and bromine is set free, 

2HIlrO,+ I 2 = 21110.,+ Br^ 

Iodic acid. IIIO., or H — O —occurs as a salt in 

>0 . 

caliche (p. 414), and may be obtained in various ways. In 
the form of a salt it is produced bv treating iodine with a hot 
aqueous solution o(‘ potassium hydroxide, barium hydroxide, 
&c. ; the very unstable hypoiodite which is first formed 
(p. 430) is converted into iodate and iodide (p. 432), so that 
the final result is expressed bv an equation such ns, 

3I 2 + GKOH - 5KT + KIO a + 311./). 

Free iodic acid is prepared by passing chlorine into water 
which contains iodine in suspension and in solution, 

5C1 2 + 6H/) +1 2 = 2HI0 8 + 10HC1. 

As iodic acid oxidises hydrogen chloride in strong solutions, 
plenty of water must be used, and the hydrogen chloride 
must be precipitated with silver oxide, before the solution is 
concentrated. 

A better method is to warm finely powdered iodine with 
a large quantity of concentrated nitric acid until no free 
iodine remains; on the solution being evaporated, iodic acid 
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is obtained in colourless crystals, which are purified by re- 
crystallisution from water, 

I 2 + 10HNO a = 2 HIO, + IONOjj + 4Il 2 tt 

Iodic aci<l is a fairly stable compound, but when heated at 
170° it decomposes into water and its anhydride, I 2 () 5 . It is 
a vigorous oxidising agent, and is rapidly reduced by many 
compounds. Thus when treated with sulphurous acid (or 
ail acid sulphite, p. 414), with hydrogen sulphide, or with 
hydrochloric acid, it gives a precipitate of iodine. 

The first change in these reductions probably results in the 
formation of hydrogen iodide, and may be represented by a 
partial equation such as, 

HI0 3 + 3H 2 S0 3 = 3H 2 S( > 4 + HI. 

The hydriodic acid then acts on some of the iodic acid, 

5H1 + Hit ) 3 = 3H 2 0 + 3T a , 
so that the final result may be expressed by 

2H rOg + 5H 2 S() 3 = 5H 2 S0 4 +1 2 + II 2 0 * 

To look at the matter in another way; 2HI0 3 = H 2 0 +1 2 0 5 , 
so that two molecules of iodic acid give, when reduced to 
iodine, 5 atoms of oxygen, which will oxidise 5S0 2 to 5SO a , 
5H 2 S to SIIjjO and sulphur, and so on. If the reducing 
agent is added in greater proportion, the liberated iodine may 
be converted into hydrogen iodide (p. 415). 

There is some uncertainty as to whether the molecular 
formula of iodic acid is III0 3 or H 2 I 2 0, ; or H 3 l 3 O t „ as salts 
are known of the composition Ml 11,0,. and MH 2 I s 0 9 , ns well 
as MlOg, whore M represents 1 atom of a univalent metal. 

* This equation is deduced in the following manner: Thu quantities 
represented in the first partial equation are multiplied by in order to 
obtain the f»HL required in the stcmul partial equation. L5y combining 
the two partial equations, the expression 

(iHT0:,+15HoS0 s =ir>H„S0 4 +3H 2 0+M 3 

is then obtained, and tho quantities here represented are finally divided by 
3 for the Baku of Bimplioity. 
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Silver iodate, AgK> 3) is a colourless crystalline substance, 
practically insoluble in water. Iodic anhydride, 12^5* a 
colourless solid which combines with water, giving iodic acid ; 
it decomposes into its elements at about 300°. Iodine 
dioxide, 10 ., or T,(> 4 , is a lemon-yellow solid, obtained by 
cautiously heating iodic acid with concentrated sulphuric 
acid. 


Compounds op the Type IIX0 4 or H - O - XO„. 

When potassium chlorate is heated gradually, it melts and 
then decomposes, giving oxygen, potassium chloride, and 
potassium perchlorate , 

2KC10 3 - O 0 + KCI + KC10 4 . 

It the heating is discontinued .as soon as the molted mass 
becomes pasty (while kept at about the same temperature), 
and the residue is then cooled and treated with boiling 
hydrochloric acid (to decompose any unchanged chlorate), 
most of the potassium chloride dissolves, and the remaining 
sparingly soluble perchlorate may be purified by recrystallisa¬ 
tion from boiling water. 

Perchloric acid, IIC10 4 , is obtained when potassium per¬ 
chlorate is distilled with sulphuric acid under reduced 
pressure. 

It is also formed when cl derates are treated with sulphuric 
acid, the liberated chloric acid decomposing in the manner 
alreadypdeseribed (p. 431). 

Perchloric acid is a colourless, extremely dangerous liquid. 
Although stable in aqueous solution, the acid itself decom¬ 
poses spontaneously oven in the dark, often with explosive 
violence. It also explodes when it is brought into contact 
with wood, paper, and similar substances, on which it acts as 
an oxidising agent. On the other hand, in cold aqueous 
solution it does not oxidise? hydrogen chloride,* hydrogen 

The difference in behaviour between a chlorate and a perchlorate 
towards hydrochloric add may he utilised in estimating the former in 
presence of the Utter. 
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sulphide, or sulphurous acid. When treated with iodine it 
yields iodic acid (p. 436). 

Chlorine heptoxide, 01/L (or perchloric anhydride), is 
obtained when perchloric acid is cautiously treated with 
phosphoric anhydride, and the mixture is then distilled. It 
is a liquid boiling at 82 J , and is explosive; it; combines with 
water, giving perchloric acid. 

Periodic acid is obtained as a salt when chlorine is passed 
into a hot aqueous solution of sodium iodate and sodium 
hydroxide ; the sodium hydroxide gives rise to sodium hypo¬ 
chlorite, and tho latter oxidises the iodate to periodate. 

The free acid, HI<> 4 , 2H..O or H,ie, may he obtained by 
the electrolytic oxidation of a solution of iodic acid. It is 
crystalline, and decomposes at 140°, giving iodine, oxygeij, 
and water. Its aqueous solution oxidises hydrogen iodide, 
giving iodine; when treated with sulphurous acid it is first 
reduced to iodic acid and then to hydriodic acid, which then 
react, giving iodine, when a certain proportion of the reducing 
agent has been added. 

A compound of the composition H10 4 , corresponding with 
HC1() 4 , has not been isolated, although salts such as AgI0 4 
and NaTOj are known, -The composition of the free acid is 
H r TO ( ., which corresponds with III0 4 + 2H.,0, but for certain 
reasons free periodic acid is not regarded as H10 4 crystallised 
with two molecules of water. * Tt is more probably a pentabasic 
acid, lOfOH),,, which, however, generally acts as a dibasic acid, 
and forms acid salts of the type. Na 3 H 9 IO 0 or IO(OH) a (ONa) 2 . 
Many different acid or hydrogen salts derived from this 
acid are known, and also many salts derived from other 
closely related compounds, such as H.JO ri or I0. 2 (0H) 3 . 

* When one molecule of H;,IO,;is treated with one molecule of potassium 
hydroxide the heat of neutralisation is only 5150 calories; with t.VO and 
three molecules of the hydroxide t.he heats of neutralisation aro 20,590 
and 29,740 calories respectively. Since the heat of neutralisation for the 
proportion ll fl I(> A :'2KOH is so very much greater than for H r> IO fi : KOH, 
and since the value for tho former is very, little less than for the proportion 
H a IO Q : 3KOH, it would seem that the acid is dibasic. 
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The Valency op tiie Halogens in tiieir Oxygen 
• Compounds. 

The oxy-lialogen acids which have now been described or 
mentioned are monobasic (except certain periodic acids), and 
belong to one of the following types, where X represents one 


atom of a halogen: 
HXO (H-O-X). 

HXOjj. 

HX<) 3 . 

HX0 4 . 

Hypoohlorous aold. 

Chlorous acid 

Chloric aold. 

Perchloric aold. 

Hypobromous acid. 

— 

Bromic acid. 

— 

Hypoiodous acid. 

— 

Iodic acid. 

Periodic acid. 


The names of the more important compounds are printed 
in heavy type. 

It will be seen from this table, and from the description 
which has been given of these compounds, that the close 
relationship already observed between the members of the 
halogen family (p. 423) is also exhibited in their oxides 
and oxy-acids j broadly speaking, the three elements which 
give rise to such compounds form corresponding derivatives 
identical in type. 

Xow it would be possible to assume that the halogens are 
univalent in these oxy-acids and in their oxides, just as they 
are in their compounds with hydrogen and the metals. Thus 
the different types of acids might conceivably be represented 
by the structural formulae, 

H-O-X, H-O-O-X, H-O-O-O-X, 

, and H-O-O-O-O-X 

respectively. But from an examination of the properties of 
the elements as a whole, it must be concluded that the 
valency of an element may vary ; that this property depends 
on the nature of the other element or elements with which the 
given element is combined. A general rule in this connection 
is that the valency of an element towards hydrogen and other 
electro-positive (p. 390) elements is different from its valency 
towards oxygen and other electro-negative elements. Thus 



OXIDES AND OXY-ACIDS OP THE HALOGENS. 441 


in the rase of the oxy-halogen acids it would seem that their 
structures should l>o represented respectively by the following 
formula?, # 

H-O-X, IT-0-X = 0, H-O-X/ 0 , H-O-X^O, 

V \o ' 

in which the valency of the halogen is 1, 3, 5, and 7 
respectively, hut the evidence ill favour of these formula? is 
not very conclusive. 

The structures of the anhydrides of the types X 2 0, X 2 0 5 , 
and X 2 0 7 would then he expressed respectively by the 
corresponding formulas, 


X-O-X, U Y\-()--XC , O ~X-0-X= 0, 

(>? v "0 ()✓ \o • 

which would indicate their relationships to the acids, while 
the oxides X„0 4 would be represented by the formula 


O = X - O — Xs 




0 


Although the vapour density of chlorine 


dioxide corresponds with the simple formula CIO.,, it may be 
supposed that these molecules are dissociation products of 
Cl.,() 4 (compare N 0 <> 4 , P- 3 50). This view seems to be borne 
out by the behaviour of the oxide towards water (p. 436); 
since it gives a mixture of chlorous and chloric acids, it is 
probably a mixed anhydride, that is to say, an anhydride 
derived from two different molecules, 


0 : Cl - O — H + H — O 



H,0 + 0:Cl-0 



Chemicah Nomenolatuue. 

Although the names of chemical compounds are not always 
chosen in accordance with a definite system, certain general 
rules are observed in the case of acids and of the salts derived 
from them. 

When tho hydrogen compound of an element is an acid, 
its name is derived from those of the two elements contained 
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in it, as in the case of hydrogen chloride and the other 
halogen acids. The aqueous solution of the compound, and 
often also the compound itself, are, also denoted by applying 
the prefix 'hydro and the sullix /V* to the name of the lion- 
metallic or electro-negative element, or to an abbreviation of 
this name. Thiuj an aqueous solution <*f hydrogen chloride 
is called hydrochloric acid. The salts derived from such 
acids (which do not contain oxygon) are simply named after 
the two elements which they contain, the termination Ule 
being used with the name of the electro-negative, element, as, 
for example, sodium clilor/t/e, calcium lluor Ufa. 

When elements form acids which contain oxygon, the 
names of these acids are derived from those of the distinctive 
acid-forming clement. Thus the compound If.,S0 4 is called 
sulphuric acid because it is derived from the acid-forming 
oxide or anhydride of the element sulphur; the compound 
ll s r0 4 is called phosphoric acid because it is derived from an 
oxide of phosphorus The salts of such acids which contain 
oxygen have names ending in air. In many cases, however, 
a given element forms two acids containing oxygen; the 
name of the acid corresponding with the hirer oxide then 
ends in on#, and the salts derived from it in Hr. Thus 
the oxides SO., and SO, { give rise to the acids II.,SO., and 
>l s S0 4 respectively; the compound ILSo, is therefore 
namotl sulphurous arid, and its salts are termed suJph/Vr.s. 

If more than two oxygen acids are derived from a given 
element, the prefix hypo is used to denote a hir*>r stage of 
oxidation than the oh# acid, and the prefix prr to denote a 
1nyher stage otf oxidation than the ir acid. Thus to distinguish 
them from chlorous acid, 1IC10 9 , and chloric acid, HC10 3 , 
the compounds IICU) and 1IC10 4 are named ////pochiorous 
and perchloric acid respectively 
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CHAPTER XLVII. 

Manganese and its Compounds. 

Manga newe, Mn.. ;* At. Wt. 54'9. 

The "black crystalline mineral pyrolusite, which is used as 
an oxidising agent in preparing the halogens (pp. 140, 409), 
consists principally of manganese dioxide, Mn( and is 
the chief source of all commercial manganese compounds.t 
Several other oxides of manganese occur in nature, and most 
iron ores contain manganese compounds, but manganese is 
not found in the free state. 

Manganese is a metal (p. 255), and, like a great many 
other metals, it may be obtained by reducing its oxides with 
carbon (coal, charcoal), but. an extremely high temperature is 
required to bring about reduction. 

It may be prepared in the laboratory by reducing manganese 
dioxide with aluminium,£ 

* ' 3MnO a + 4Al = 3Mn + 2Al„0 s . 

A small quantity (sav 20 g.) of a mixture of dried manganese* 
dioxide and dried aluminium powder (free from grease) is 
placed in a small crucible, the end of a short piece of magnesium 
ribbon is pushed into the mixture, and the magnesium is 
ignited. As soon as the very vigorous reaction is at an end, 
a further quantity of the mixture is added, and the addition 
is repeated at suitable intervals if required. In consequence 
of the great heat development both the manganese and the 
aluminium oxide are melted, and the two liquids separate, 
the oxide rising to the top; if a slight excess of manganese 

* The molecular formula of. many of the metals are unknown ; in such 
cases the molecule is represented by the atom of tin* element. 

f Pyrolusite generally contains silica ami earlxmates of barium, calcium, 
iron, and manganese. 

X In this and in similar experiments the eyes should he protected, as the 
reaction is extremely violent and may {jossibly be explosive. 
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dioxide is used, the manganese is free from aluminium. This 
process was discovered hy Goldschmidt, who also used 
aluminiury for the reduction of several other metallic oxides 
(pp. 502, 704). 

Manganese is little used alone, hut its alloys are com¬ 
mercially important. It rusts in the atmosphere and is 
readily attacked hy dilute hydrochloric or sulphuric acid, 
giving manganous salts and liberating hydrogen. 

The Manganous Compounds. 

When manganese dioxide is heated with excess of concen¬ 
trated hydrochloric acid until the evolution of chlorine ceases 
and the (filtered) solution is then evaporated and cooled, a 
pink, crystalline, readily soluble salt, manganous chloride, 
MuC1 2 + 411,0, is obtained. 

This salt is not derived from, and does not correspond 
with, manganese dioxide (p. 286). It is a derivative of 
manganous oxide, MnO, because the metal has the same 
valency in this oxide as in manganous chloride. 

Now a metallic oxide which gives rise to corresponding 
salts is termed a basic oxide ; manganous oxide, therefore, is 
a basic oxide, and the salts derived from it are called the 
manganous salts. 

A solution of manganous chloride when treated with sodium 
hydroxide solution (in absence of air) gives u colourless, 
flocculent precipitate of manganous hydroxide, 

MuCl* + 2NaOH = Mn(OH), + 2NaCl. 

This hydroxide is insoluble in water, but it dissolves chemi¬ 
cally in acids, giving the corresponding salts. 

Manganous hydroxide is not precipitated from a solution 
of a manganous salt hy sodium hydroxide if the solution also 
contains excess of ammonium chloride or other ammonium 
salts, in which manganous hydroxide is chemically soluble.* 

* Nearly all the metallic hydroxides of the type X(OH) v which are 
insoluble in water dissolve chemically in solutions of ammonium Balts (p. 621). 
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Manganous hydroxide, like most metallic hydroxides, is 
readily decomposed when it is heated, giving manganous 
oxide, MnO, end water; in absence of air the oxide is 
obtained as a green powder, which combines with oxygen 
very readily. 

Manganous carbonate, MnC0 3 , is obtained ns a colourless 
precipitate when a manganous salt is treated with sodium 
carbonate in aqueous solution. It is insoluble in water, but 
it dissolves chemically in acids, giving manganous salts, and 
it decomposes when it is heated, giving manganous oxide 
and carbon dioxide; these are properties common to the 
normal carbonates of most of the metals (p. 276). 

Manganous sulphate, MnS0 4 , may be prepared by dissolv¬ 
ing the hydroxide or the carbonate in sulphuric acid and. 
then evaporating the solution ; at low temperatures it separ¬ 
ates in pink hydrated crystals, which have the composition 
MnS0 4 , 7H,0. 

Manganous sulphide, M 11 S, is formed as a flesh-coloured 
precipitate on ammonium sulphide being added (p. 267) to a 
manganous salt in aqueous solution. It is insoluble in water, 
but it dissolves chemically in strong acids, giving hydrogen 
sulphide and a manganous salt. 

Manganese Dioxide and the Manganites. 

Although all elements which are classed as metals form at 
least am basic oxide, many metals also form acidic oxides 
(anhydrides), and, from the latter, acids are produced either 
by direct combination with water or by indirect processes. 
This is the case with the metal manganese; manganese 
dioxide may be regarded as the anhydride of a dibasic acid, 
mamjanous arid, H 2 M nG 3 (M n( ), 2 + II 2 0), or of a tetrahasic 
acid, orthomamjanous arid , H 4 Mn0 4 (Mii0 2 + 2II 2 0), although 
neither of these compounds has been obtained in a pure 
state. 

When manganous hydroxide, prepared as described above, 
is merely exposed to the air in a moist state, it gradually 
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darkens in colour and ultimately becomes black. This is the 
result of atmospheric oxidation, but as the product cannot be 
puriiied and as diilciont preparations diifer in coin position, it 
is not known exactly what is formed. It seems probable, 
however, that the black substance contains manganous acid, 

2Mn(<>lI)., + O i1 -2H 2 Mii<> 8 . 

Manganous acid may be obtained as a black precipitate, 
mixed with sodium manganite, by adding sodium hydroxide 
and sodium hypochlorite or sodium hypobromitc (or sodium 
hydroxide and then chlorine- or bromine-water, p. 429) to a 
solution of a manganese salt-, 

Mn(( >H),. -t- Nat >C1 --11,Mnt >„ + NnCl. 

The (impure) substance which is formed in this and in 
several other ways described later (p. I19) is generally called 
* hydrated mamjauese dio.i‘i<le, } as its composition is represented 
approximately by the formula Hj). 

Manganese dioxide, MnO_, or 0=Mn — 0, remains as a 
black powder when this hydrated substance is washed with 
water, dried, and gently heated. The. dioxide yields oxygen 
when it is strongly lu-ated alone or with concentrated 
sulphuric acid, 

3MnO, = Mn 3 0 4 + 0, 

2MiiO., + 2II,SO“ - 2MmS< > 4 + 2IU) + O a . 

Manganese dioxide is used in the preparation of the 
halogens, the permanganates, and other salts, some, of which 
are employed in dyeing ; it is also utilised in the manufacture 
of glass. 

When a little manganese dioxide is melted with a colourless 
glass (p. 293), the product has an amethystine colour. (Hass made 
from materials which contain ferrous compounds has a greenish or 
greenish yellow tinge (bottle-glass), but when a little manganese 
dioxide is also used, the resulting glass is practically colourless, 
localise amethyst and green are complementary colours. It may 
be, also, that the green ferrous compounds are oxidised to ferric 
compounds, which have hardly any colour and impart only an 
almost imperceptible yellow' tinge to the glass. 
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Salta of manganous acid, like the acid itself, arc unknown 
in a pure state, hut certain impure manganites are, utilised 
commercially in Weldon's process for the recovery of the, 
manganese dioxide which has l»een used in preparing chlorine. 

In this ] in icons the liquors from the chlorine generators 
are first neutralised with limestone, which at the same time 
causes the precipitation of ferric hydrate.* 'Hie clear solution 
of manganous chloride is now mixed with milk of lime in 
suitable proportion, whereliy manganous hydroxide is precipi¬ 
tated ; the whole is then heated to 55°, and a stream of air 
is blown through the liquor. In this way manganous acid is 
formed by the oxidation of the manganous hydroxide, and a 
black precipitate of impure rafnium luanyamt CaMn0 3 , is 
obtained ; after the precipitate is allowed to settle, the liquor 
is run oil". The residue is used in preparing chlorine, since 
with hydrochloric acid it lirst gives calcium chloride and 
hydrated manganese dioxide (manganous acid), and the latter 
then behaves like manganese dioxide. 


A compound of the composition, ]Mn a 0 4 , occurs in nature 
as a mineral [hiiuxnumnite), and is obtained as a red or brown 
powder by strongly heating manganous oxide m the air. It 
is also formed when manganese dioxide is very strongly 
heated, oxygen being evolved (p. 446). 

When treated with acids this oxide does not yield corre¬ 
sponding salts, but behaves -as if it were a mixture or a 
compound of 2Mn<) and MiiCh,. With nitric acid, for example, 
it gives a manganous salt (2 molecules), with separation of 
manganese dioxide (1 molecule), 

Mn,0 4 + 4HNO s = 2Mn(NO s ) a + Mn0 2 + 211*0, 
whereas with hot concentrated hydrochloric acid it gives 
a manganous salt, with evolution of chlorine, 

Mn,j0 4 + 8TIC1 - 3MnCl s + Cl 2 + 4IL.0. 


* Ferric chloride is decomposed liy calcium carbonate, but ferric car- 
inmate is not obtained because it is immediately hydrolysed by water. 
2FeCl j + 3( JaCO ;i ~ Fe a (GO+ 3CaCl 2 
F^(CO a ) a +6H t O-<-^2Fe(OH) 3 +3H ? CO ;1 . 



448 


MANGANESE AND ITS COMPOUNDS. 


From this behaviour it may be inferred that Die compound 
is the maugaim/i* salt, Mn.,Mn<) 4 , of orthomanganous acid* 
Mii(OH), or lljMnO, (compare ]). 44f>). 

An oxide of the composition, Mn 2 (> 3 , occurs in nature as 
a mineral (hraunile), and is obtained as a dark brown powder, 
commonly known as manganese sesquioxide, when manganous 
oxide or manganese dioxide is gently heated in the air. 
Towards dilute sulphuric and nitric acids it behaves as if it 
were a mixture or compound of MnO and Mn0 2 , so that 
it might be regarded as a manganese salt, MnMn0 8 , derived 
from manganous acid, MnO(OH) 2 or H 2 Mn0 8 . On the 
other hand, with concentrated sulphuric acid it gives the 
corresponding salt, manganic sulphate, 

' M n 2 0 3 4- 3 Ii 2 »S 0 4 = Mn 2 (S0 4 ) 3 + 3H 2 0, 


and in this case behaves like a basic oxide. 

Now the oxides of iron and of chromium of the type X 2 O s 
are basic oxides, and the corresponding hydroxides, sulphates, 
chlorides, &c. are well-known compounds; from analogy, 
therefore, the compound Mn 2 0 3 might well lie regarded as a 
basic oxide. Whatever may be the nature of this compound, 
certain salts derived from an oxide of this type are known, 
and are termed manganic salts; they are, however, very 
unstable, and are hydrolysed by water. 

Manganic sulphate, Mn 2 (S0 4 ) ;{ , is also obtained by gently 
heating manganese dioxide with sulphuric acid, 

4MnO s + 6H 2 80 4 = 2Mu s (S0 4 ) 3 + GH 2 0 + 0 2 ; 

it is a dark-green, deliquescent substance. 

Manganic chloride, MnCl 8 , is possibly contained in the 
dark-brown solution which results when manganese dioxide 
is treated with concentrated hydrochloric acid at low 
temperatures; the tetrachloride, MnCI 4 , may .also be present 
in*this liquid. 

Manganic hydroxide, MnO (011), occurs as a mineral 
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(,manganite ), and is formed when manganic sulphate is treated 
with water, 

Mn 2 (S0 4 ), + GHjjO — 3TT 3 S<+ 2Mn(0II), # 

2 Mn(<)11) ; ,- 2MnO(()lI) + 21I a O; 

it dissolves in hot sulphuric acid, giving manganic sulphate. 


Manganates and Permanganates. 


Potassium manganate, K 3 Mn0 4 or 


K - ()- 
K — O' 



obtained as a green mass when manganese dioxide is heated 
with potassium hydroxide in presence of (atmospheric) 
oxygen, or, better, in presence of some, potassium chlorate 
or pota winm nitrate, or any salt which gives oxygen when > 
it is heated. 

The same substance is formed when any otheT oxide, or 
any salt of manganese, is treated in this way, 


Mn0 2 + 2KOH + <) - K,Mn0 4 + H a O.* 

"When suitable proportions of dioxide, chlorate, and potassium 
hydroxide are used, the product may be obtained in crystals 
by dissolving it in a small quantity of water, and then 
allowing the solution to evaporate at ordinary temperatures. 

Potassium manganate dissolves in a relatively small 
quantity of water, giving a beautiful green solution ; but on 
this solution being diluted largely with water it turns pink, 
owing to the formation of potassium permanganate, and a 
precipitate of hydrated manganese dioxide (p. 446) is formed, 

3K 2 Mii0 4 + 3ir s O - 2KMn0 4 + Mn0 2 , H a O + 4KOH. 

The conversion of the manganate into the permanganate 

may also be brought about by adding an acid, or some 

oxidising agent, without diluting the solution. 

» 

* In this ami in many other partial equations the proportion of an 
element may be expressed in atoms instead of in molecules in cases where 
the element in question reacts in the nascent stnt' (p. 340). The oxygon 
represented m this equation is not (atmospheric) molecular oxygen, but 
that derived from potassium chlorate or nitrate. 

Inorg. 2 € 
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Potassium manganate is hydrolysed by water: the manganic 
acid, whirl), presumably, is formed, thru decomposes, giving 
a precipitate of hydrated manganese dioxide and permanganic 
acid ; this acid mints with the potassium hydroxide, forming 
the potassium salt and water. These changes, 

Iv,Mn<> 4 + HII,() - HjjMnl ) 4 + -2K Oil, 

3H. 2 Mii(> 4 'JH M n0 4 + Mn0. 2 , 11,0+ 11,0, 

and the formation of the potassium permanganate from the 
permanganic arid, are summarised in the equation (p. 419). 
Potassium mangauate dissolves in a concentrated solution of 
potassium hydroxide or sodium hydroxide without under¬ 
going decomposition, as the great concentration of the alkali 
prevents hydrolysis, and the salt is much more stable than 
the acid. 

Sodium manganate, Na 2 MnO„ is easily obtained by using 
sodium hydroxide in place of potassium hydroxide in the 
reactions described above, and also by heating manganese 
dioxide with sodium peroxide 1 (p. t>71), 

M n(), + N a 2 < ) 2 = No. 2 M n( ) 4 . 

Other manganese compounds also yield sodium manganate 
under these conditions. 

✓O 

Potassium permanganate, KMnO. or K-0-Mn = 0, is 

one of the most important manganese compounds, ami is 
prepared on the large scale. For this purpose the man 
ganate is first manufactured by heating manganese dioxide 
with potassium hydroxide and potassium chlorate in iron 
vessels. The crude product is dissolved in a lan/p volume 
of water, the precipitate of hydrated manganese dioxide is 
allowed to settle, and the clear solution is then evaporated. 
The potassium permanganate, which is finally deposited in 
crystals, may be purified by recrystallisntion from water; the 
potawwm hydroxide in the original mother-liquors (equation, 
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p. 449) may he used for preparing further quantities of the 
mnugnnate. 

Instead of the mnugnnate being dissolved in a lavge volume 
of water, its concentrated solutions may he treated with 
carbon dioxide, or oxidised with chlorine or with ozone, 

2 K,Mn< ) 4 + CL, - 2 KMn0 4 + 2KC1 
2KoMn() 4 + Oj 4 - H.,0 - 2KMn0 4 4 - 2K( )H 4 - 0 2 , 

or they may he submitted to electrolysis; in the lost case 
potassium permanganate and potassium hydroxide are obtained 
in solution and hydrogen is evolved, 

2K 2 Mn0 4 4- 2H,() - 2KMn0 4 + 2KOH + H 2 . 

Potassium permanganate forms dark reddish-purple crystals 
which have a greenish lustre ; it is not very soluble in water 
(its solubility is 4 - M at 10'), but its saturated solution is 
intensely coloured. The solid is readily decomposed when 
it is heated alone, 

2KMn< > 4 = K 2 Mn() 4 4- MnOo 4- O,, 

and a violent explosion may occur when it is heated with 
emevnirated sulphuric acid,* 

4KMii 0 4 4- fiIT a S( > 4 - 2K,S0 4 4- 4MnS0 4 4- 6H 2 0 4- 50 2 , 

hut it is not decomposed by boiling dilute sulphuric acid. 

Potassium permanganate is a salt of permanganic acid, 
HMn0 4 , a compound which is derived from an anhydride, 
Mn.,0 7 , 

Mn/h 4 - H 2 0 = 2HMii0 4 . 

In presence of many substances which can combine with 
oxygen, this acid is rapidly reduced to lower oxides of 
manganese (MnO., or MnO); hence potassium permanganate 
is a very important oxidising agent. 

When used as an’ oxidising agent, in presence of excess 
of dilute sulphuric acid, the acid HMn(") 4 (which corresponds 
with the oxide Mn a U 7 ) is reduced to manganous oxide, 

* For thia reason permanganate must not bo brought into Qontoot with 
th« oonwntratsd Mid, 
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2TC MnOj + H 2 fi0 4 = K a SD 4 + 2 HMii 0 4 
21IMn0 4 - 2MnO + IU> + 50* 

The manganous oxide, however, reacts Avith tlie sulphuric 
acid present, forming manganous sulphate and water, so that 
the decomposition of the permanganate may he more fully 
represented hy the partial equation, 

2KMn0 4 + :m,S< > 4 - K,S0 4 + 2MnR0 4 + 3H 2 0 + 50. 

Five atoms of oxygen aA r ailable for oxidising purposes 
{available os y yen) are thus lil>e rated from two molecules of 
the permanganate. 

The decomposition represented hy this partial equation 
does /tot occur in aqueous solution unless there is also 
some reducing agent present to combine Avith the liberated 
oxygen; but many substances Avill do this. Thus on adding 
excess of sulphurous acid, hydrogen sulphide, nitrous acid, 
oxalic acid, or ferrous sulphate (or hydrogen peroxide, p. 476) 
to a solution of potassium permanganate (in presence of dilute 
sulphuric acid), tho colour of the permanganate immediately 
disappears and the added substance is oxidised. 

In order to express by equations the changes Avhich occur 
in these cases, it must be remembered that 2 molecules of 
permanganate give 5 atoms of available oxygen (see above.), 
and that 1 atom of oxygen is required for the oxidation of 
1 molecule of sulphurous acid, hydrogen sulphide, nitrous 
acid, or oxalic acid respectively ; consequently 5 atoms of 
oxygen oxidise 5 molecules of each of these compounds, as 
shown by the following partial equations, 

5H 2 S0 3 + 50 = 5I1 2 S0 4 5H 2 vS + 50 = 5H 2 0 + 5S t 
5IIN0 2 + 50 = 5HN0 3 5H 2 C,0 4 + 50 = 10CO 2 + 5H 2 0. 

The final results, therefore, are summarised hy combining 
one of these partial equations Avith that given above for the 
decomposition of the permanganate; thus in the case of 
sulphurous acid, 

* This is a partial equation; compare footnote, p. 449. 

1 Compare footnote, p. 421. 
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2KMn0 4 + 3H 2 S0 4 + 5H 2 S0 3 = 

K 2 S0 4 + 2MiiS0 4 + 3IT,0 + 5IT 2 S0 4 , 

or, since sulphuric acid is formed, and therefore ntJed not be 
added originally, 

2KMn0 4 + 5 H 2 SO s = IC.,S0 4 + 2MnS0 4 + 3H g O + 2H.,S0 4 . 

In the case of the oxidation of-oxalic acid the iiiiul results 
would be expressed by, 

201n() 4 + 31f.SC ) 4 + 511 a C 2 0 4 = 

K 2 S<>“ 4- 2MnS0 4 4- 8TI 2 0 + lOCf > 2 . 

In the cast; of ferrous sulphate, Fett0 4 , which corresponds 
with the oxide Fe(), the oxidation product is ferric sulphate, 
Fe.(S(),).,, which corresponds with the oxide Fe 2 0 3 , and the 
conversion of 2Fe() into Fe.,().., or that of 2FeS0 4 (in presence 
of sulphuric acid) into Fe.,(tt( > 4 ). H , requires 1 atom of oxygen, 

2FeS0 4 + 11. 2 S< ) 4 + O - Fo 2 (iS( ) 4 )„ + ir 2 o. 

Hence 2 molecules of permanganate oxidise 10 molecules of 
the ferrous suit, 

2KMn( ) 4 + 8H 2 SC) 4 + 1 0 FcSO 4 = 

X 2 S0 4 + 2MiiS 0 4 + 8H,,0 + 5Fe 2 (S0 4 ) g . 

A fixed weight <»f potassium permanganate oxidises a fixed 
weight of each of the above substances. If, therefore, a 
solution of permanganate of known concentration is slowly 
dropped from a burette (p. 256) into a solution containing • 
an unknown weight of the reducing agent (previously mixed 
with excess of dilute sulphuric acid) the colour of the 
permanganate rapidly disappears at first, but ultimately a 
point is reached at which the addition of one more drop of 
permanganate imparts-a permanent pink colour to the whole 
solution. When this stage is reached, the permanganate and 
tho reducing agent have been used in (equivalent) proportions 
represented by the above and similar equations, so that, if 
the volume (and concentration) of the permanganate solution 
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which lias been added is known, the quantity of the reducing 
agent originally present may he calculated. 

Tn using potassium permanganate lor such iUralions no 
indicator (p. 257) is required, hut dilute sulphuric acid must 
he added in such quantities to the reducing substance that 
the solution remain^ strongly acid in reaction during titration ; 
that is to say, enough sulphuric acid must lie present, to 
convert into sulphate the oxide of manganese which is formed 
by the decomposition of I ho permanganate. 

As the process for which the permanganate is used depends 
on its oxidising action, the quantity of arailahh• oxt/i/en 
contained in I litre of the solution is the sole measure of 
the value of the solution. A standard solution (p. 257), 
therefore, is generally made of such a concentration that 
1 litre contains /jth of a < jraw-cquiraJcnf of oxygen. A T ow 
2KMn0 4 give 50; hence 316 g. (158 x 2 g.) give 80 g., and 
3'16 g. give 0'8 g. of oxygen, or y^th of a gram equivalent of 
oxygen. A solution which contains 3*16 g. of permanganate 
in 1 litre may therefore he termed a deci-norma] solution 
(p. 258) when it is used for oxidising purposes. 

The halogen aeids and their salts must not he present, in 
solutions which are to he titrated with permanganate., as the 
free acids are oxidised. 

Potassium permanganate is not acted on hy sodium or 
potassium hydroxide in aqueous solution, hut in presence of 
reducing agents as well, the permanganate is converted into 
the manganate, the solution turning green,* 

2KMn(), + 2KOTI - 2K,Mn(> 4 + II/) + O ; 

with excess of the reducing agent, the manganate is then 
decomposed, giving a precipitate of hydrated manganese 
dioxide, 

2K s Mn0 4 + 4H/) - 4KOH + 2MnO.,, H.,0 + 20. 

* Commercial hydroxides of sodium and potassium contain impurities 
which * educe i>ermanganat,e to manganate, and therefore those hydroxides 
»r«n to .e'irg Jfthout this change in absence of a reducing agent. 
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1 lonce in alkaline solution the linn] result of the reduction 
of the permanganate is 

2KMn() 4 + 3H,0 - 2KOH + 2Mn( > a , HJ) +;i0, 

anti 2 molecules of permanganate give, .‘1 atoms of available 
oxygen. This is the reason why the solution must he kept 
acid in reaction in doing titrations with permanganate; if 
the solution wen* to become alkaline, the oxidising value of 
the permanganate would he changed. 

A solution of sodium permanganate (Condy’s fluid) is used 
as a disinfectant. Sodium permanganate is much cheaper 
than the potassium salt, hut for laboratory purposes it ia 
little used, as it does not crystallise very well and is not 
easily purified. 

The Relation of Manganese to the Halogens. 

Although manganese is classed with the halogens, in 
accordance with the periodic system (p. 720), there is obvi¬ 
ously a very great difference between this metal, on the one 
hand, and the active noil-metallic halogens, on the other; 
the difference, in fact, is so considerable that only a few 
points of resemblance can he made out. This dissimilarity, 
when further studied, is seen to lie n consequence of the 
position of manganese in the system, rather than an anomaly 
which is dillicult of explanation. For the properties of every 
element are, roughly, the mean of those of the elements 
which immediately precede and follow it in the order of their 
atomic weights. Xow manganese comes between chromium 
and iron, ami thus occupies a position very different from that of 
any of the halogens ; it would be, very extraordinary, therefore, 
if an element so placed showed a close relationship to the 
sub family of the halogens. 

The resemblance betweeu manganese and the halogons is, 
ill fact, restricted to those compounds which are derived 
from the typical highest salt forming oxides (p. 722) of this 
family. Permanganic acid, HMn0 4 , and perchloric acid, 
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HC10 4 (p. 438), derived respectively from Mn/) 7 and C1 2 0 7 , 
are both monobasic acids, and arc doubtless similar in 
structure; they are both powerful oxidising agents, and their 
corresponding salts, as a rule, art; isomorphous (p. 324). This 
likeness, though lint very pronounced, affords an instance of 
the interesting fact that the properties of a compound are 
determined rather by the structure of its molecule than by 
the', elements of which it is composed. It must he pointed 
out, however, that in this particular case the conclusion that 
the molecules are similar in structure is to a great extent 
based on their similarity in type and in properties, and that 
there is little direct experimental evidence in support of 
the structural formulas assigned to the manganates and per¬ 
manganates. 

The anhytlrule , Mn„<L, referred to above is obtained as a 
very unstable (explosive) oil when potassium permanganate 
is very cautiously treated with concentrated sulphuric acid 
j (compare footnote, p. 451). 


CHAPTER XLVIII. 

The Oxygen Family. 

Oxygen is the first member of a family of dements which 
are related to one another in chemical behaviour in much the 
same kind of way, although perhaps not so closely, as the 
members of the halogen family ; the other elements of this 
family are sulphur, selenium, and tellurium, and the more 
distantly related metal chromium. 

Oxygen and sulphur, and some of their compounds, have 
already been described, but a further account of these im¬ 
portant elements must- be given. Belenium and tellurium 
aie comparatively rarely met with, either in the free or the 
combined state, and need not be studied in a second year’s 
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course. Chromium, on the other hand, gives rise to several 
important compounds which are frequently used both in the 
laboratory and on the large scale. 

Oxygen, ().,; At. Wt. 16. 

Oxygen (p. 79) may be obtained from many compounds. 
Certain metallic oxides, as, for example, those of mercury, 
silver, gold (p, 665), and platinum (p. 712), and certain 
lion-metallic oxides, such as those of chlorine, are decomposed 
into their elements when they are heated. This, however, is 
not the general behaviour of oxides, many of which are stable 
even at the highest temperatures attainable. 

In some cases where a metal forms two or more oxides, 
a higher oxide, is converted into a lower oxide when 
it. is strongly heated. Thus oxygen may he obtained by 
heating lead dioxide (p. 178), red lead (p. 603), manganese 
dioxide (p. 446), or barium dioxide (p. 458). Oxides which 
show this behaviour also yield oxygen when they are heated 
with concentrated sulphuric acid, and do not as a rule give 
rise to corresponding salts. 

Many anhydrides, such as sulphuric anhydride (S0 8 ), nitric 
-hnhydridc (N./) 5 ), and chromic anhydride (Cr0 3 ), are also 
decomposed when they are healed, giving a lower oxide. All 
the oxides of nitrogen are decomposed at the temperature of 
the electric arc. 

The more convenient methods for the preparation of oxygen 
in the laboratory are (1) by heating potassium chlorate in 
presence of manganese dioxide (p. 83), and (2) by heating 
bleaching powder solution in presence of cobalt oxide, which 
acts as a catalytic agent. 

In the latter method bleaching powder (p. 639) is made 
into a thin paste with water, a few drops of a solution of a 
cohalt salt are added, and the mixture.is gradually heated in 
a flask which is provided with a delivery-tube. Oxygen is 
soon evolved, and may be collected in one of the usual ways. 
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The cobalt salt is decomposed bv the bleaching powder 
solution, which acts as if it contained calcium hydroxide and 
calcium chloroliypoohlorile (p. 040), and a black precipitate 
of cobultio hydroxide is formed, 

2Co(]S T 0 3 )., + 2Ca(< )11)., f CaCl(<)( A) + H.,<) 

■2C.>(()II).,4 CiiCl_, + 2Ca(N0 3 ) 3 ; 

this substance, acts as a catalytic agent, and hastens the 
decomposition ot the. calcium eh loro hypochlorite, 

2CaCl(< >C1) - 2CaClo + 0,. 

The preparation of oxygen on the commercial scale is 
accomplished in various ways. Brin’s process is based on 
the reversible reaction expressed by the equation, 

2Ba<> + <>.,^—^2Ba(>.,. 

Barium monoxide (p. 040) is heated in iron retorts, and 
air, carefully purified from moisture and carbon dioxide, is 
pumped into the retorts, whereby the pressure, and therefore 
the roncfiitration (p. -'loo), of the atmospheric oxygen is 
increased. The oxygen is then absorbed, with formation of 
barium dioxide, and the nitrogen escapes through suitable 
valves. As soon as the monoxide, lias been thus transformed 
into the dioxide, the gas in the retorts is pumped out, where- — 
upon the barium dioxide begins to decompose into barium 
monoxide and oxygen, lxjcause the amrentration of the oxygen 
is diminished. The liberated oxygen is removed as fast as 
it is formed, and is pumped into iron cylinders; by thus 
keeping down the pressure (concentration) of the oxygen, the 
decomposition continues (2Ba() 2 — 2Ba() + <). 2 ) until most of 
the dioxide is changed, although the temperature is the same 
as that at which the reverse action occurred under the 
greater pressure (concentration)* The gas so obtained con¬ 
tains about 98 per cent, of oxygen. 

Another method of obtaining oxygen from the. air is 
described later (p. 602). 

The "Tide* (p. 85) are substances of such importance that 
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a few general statements regarding their methods of formation, 
properties, and classification may be given hero even at the 
risk of repetition. 

Most elements form one or more oxides ; the more notable 
exceptions are fluorine, bromine, and the members of the 
argon family (p. G81). -Nearly all those .elements which 
form oxides do so when they are heated in oxygen (the more 
important exceptions being silver, gold, and platinum), hut 
the usual methods of preparing metallic oxides are (1) by 
heating hydroxides (p. 250), (2) by heating nitrates (p. 242), 
and (3) by heating carbonates (p. 276). 

Many oxides undergo double decomposition with acids, 
giving the corresponding salt (p. 284) and water. Such 
oxides are called basic oxides (p. 254), and an element which 
forms at least ow i basic oxide is classed as a metal (p. 255). 
Some oxides unite directly with water, forming hydroxides 
(p. 250), this hehuviom is shown by most anhydrides, hut 
by only a relatively small number of the basic oxides, namely, 
principally by those of the alkali metals (p. 666) and the 
metals of the alkali earths (p. 637). An anhydride is an 
oxide which combines witli water to form an acid, and any 
element which gives anhydrides or acid-forming oxides only 
\s classed as a non-metal. 

When a metal forms several oxides one or more of the 
higher oxides may he anhydrides, as, for example, in the case 
of manganese (p. 451) and of chromium (p. 505). 

Some oxides cannot he classed either as basic oxides or 
ns anhydrides, Barium dioxide, Ba().>, for example, does not 
give rise to corresponding salts; it reacts with acids giving 
salts which are derived from harimn monoxide, BaO. Such 
oxides are classed as ha air peroxides. A few oxides, such as 
« Mn 3 0 4 , Pb.,0 4 , do not fall into any of the classes already 
mentioned, and may he regarded as salts (compare pp. 447, 
603). Nitric oxide, NO, and a fov* other oxides do not 
correspond with any of these classes. 

The Valency of Qjryym .—In nearly all its compounds 
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oxygen seems to he bivalent; there are, however, a few 
compounds the behaviour of which is best explained on the 
assumption that they contain quadrivalent oxygen.* 

Tim 7/nit of Atomic. 11 'eight .—Although in beginning the 
study of chemistry it, is more convenient to express the 
relative weights of the atoms of the different elements in 
terms of that of an atom of hydrogen, which is taken as 
unity, it makes, ol‘ course, no difference to the relative values 
of the atomic weights what particular standard is chosen. 
Now when the weight of an atom of hydrogen is taken as 
unity, the atomic weight of oxygen is 15 88; if, however, 
the* atomic weight of oxygen is put -16, although that of 
hydrogen then becomes 1-008, the atomic weights of many 
of the elements approximate moie closely to whole numbers 
than when that of hydrogen is taken = 1. 

Thus when 0=16 some of the values are, 

HOC N Nu 8 Cl Ca Ag 

1-008 16 12-00 14-01 23-00 32-07 3546 40-09 107-88; 
but when II— 1 the values are, 

H O C N 2s r a 8 Cl Ca Ag 
1 15-88 11*9 13-9 22-88 31 82 35-18 39 7 107*1. 

There is another reason why it is perhaps hotter to take 
0 = 16 as the standard, namely, that the equivalents, and 
therefore the atomic weights (p. 198), of many elements are 
determined from analyses of their oxides ; that is to say, the 
atomic weights arc, based directly oh the oxygen standard. 
In order to express the atomic weights thus determined on 
the basis of 11=1, it is necessary 1o know the ratio II : O. 
This ratio, according to the most trustworthy determinations, 
is 1 : 15'88 ; but if further more accurate determinations were 
to give a different ratio, it would then be necessary to re¬ 
calculate and alter the atomic weights of the other elements. 
In tin. table (p. 201) the atomic weights are given on the 

t 

* Compare hydrogen peroxide (p. 475). The bout-known compounds in 
^hich oxygon seems to be quadrivalent arts certain carbon compounds 
winch can .i,t be described hue. 
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basis H =1, but in tbo table given later (on last page) the 
standard is 0 = 16, and all the atomic weights in this volume 
(Part IT.) refer to this standard. 

When all the atomic weights are thus increased, the 
volume at .N.T.I*, occupied by the gram-molecule of a gas is, 
of course, also greater than, before, and instead of 22*25 litres 

o-ftl r, 

(p. 197) it is 22*25 x ~ = 22*4 litres. 

Ozone, 0 3 . 

It has long been known that some substance having a very 
penetrating and characteristic smell is produced when electric 
sparks pass through air ; but the matter was first carefully 
investigated in 1840 by Schdnhein, who named this substance 
ozone and studied many of its properties. It was proved 
later by Andrews and Tail that ozone consists of the element 
oxygen. 

A simple way of preparing ozone is to pass the silent 
discharge (p. 300) through pure dry oxygen, and many forms 
of apparatus have been devised suitable for this purpose. 
One of the more recent ones is shown in fig. 100 (p. 463). 

This apparatus is made entirely of glass. It consists of 
the tube (a, a), which is closed below, and which contains 
sulphuric acid; this tube is concentrically placed in the 
wider tube (/>), into which it- is sealed at the top. The outer 
cylindrical jacket (r) also contains sulphuric acid. Pure dry 
oxygen is passed into the tube (h) through the tap (d), and. 
its escape through the U-tube being prevented by the sul¬ 
phuric acid seal, it passes upwards, as indicated by the 
arrows, between the two concentric glass surfaces, which are 
ill contact with the sulphuric acid. The platinum terminals 
(e, e) pass through the rubber stopper and the glass jacket 
(e), respectively, into the sulphuric acid, and are connected 
with the terminals of a Khumkorff’s cqil; the silent discharge 
may thus be passed through the oxygen which is flowing 
between the two concentric glass surfaces. 



462 


THE OXYGEN FAMILY. 


In a few moments after the discharge has been started 
the characteristic odour of ozone is noticeable, and it can be 
shown that tiie oxygen escaping from the outlet (/) con¬ 
tains some substance which is much more active than 
oxygen. 

Thus when a* piece of paper which has been dipped in 
starch paste containing a little potassium iodide is held near 
tlie outlet tube the paper immediately becomes blue; ozone 
liberates iodine from potassium iodide,* and fnr iodine gives 
a blue colour with starch (p. 415). When a paper coated 
with a thin layer of (hlack) lead sulphide, PbS, is held near 
the, outlet-tube the paper becomes white, because the lead 
sulphide is oxidised to lead sulphate, I’bSOj. When the gas 
is passed through a dilute solution of ‘indigo* f the blue 
colour gradually disappears, because the ‘ indigo * is oxidised 
to some colourless substance. Oxygen does not give any of 
these reactions. The tests so far described arc not charac¬ 
teristic of ozone, as there are certain other substances which 
behave like ozone under the above conditions so far as the 
obticriu‘(I results are, concerned. 

One property of ozone, however, serves to distinguish it 
from all other substances; it produces a black film on a clean 
bright surface of silver, owing hi the formation of silver 
peroxide. Unfortunately the test is not a very delicate 
one. 

In order to show this reaction a piece of silver foil is 
very carefully cleaned by rubbing it with well-washed sand, 
and is then heated in a Thin sen-flame for a few moments; 

* The reaction which occurs here in a very complex one, but one result 
may be expressed hy the equation, * 

2K1+O a + H,0=2KOH +1., + O*. 

Although iodine is acted on by potassium hydroxide, giving potassium 
iodide and hypoiodite (p. 430), iodine is liberated from a neutral .solution of 
potasoinni iodide hy ozone, possibly owing to the oxidation of the potassium 
hydroxide to a peroxide. 

r Prepared by dissolving indigo in coniwnitratod sulphuric avid and than 
diluting vuth water. * 
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while still hot, the foil is held close to the outlet of the 


ozoniser. 

Silver perfectly free 
from silver oxide does 
not show this reaction. 
Silver does not oxidise 
to any appreciable ex¬ 
tent win*n it is heated 
in the air or in oxygen, 
and silver oxide is roadily 
decomposed when it is 
heated alone; nevertheless 
it scorns that a minute 
trace, of silver oxide, is 
formed when the metal 
is heated in the air, and 
that this minute trace is 
required for the ozone 
reaction. 

Another characteristic, 
tost for ozone is its 
behaviour towards mer¬ 
cury. When very care¬ 
fully purified mercury is 
exposed to ozonised oxy¬ 
gen, say, in a test-tube, 
it loses its mobility to 
some extent and adheres 
to the glass surface, owing 
doubtless to the formation 
of an extremely thin him 
of oxide. 

The stream of ozonised 
oxygen issuing from the 



Fig. 100. 


ozouiser immediately ceases to give all the above re¬ 


action* when ri small glass tube is attached to the outlet' 
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lulw (/) * and the gas passing through this tube is gently 
boated with a Jiuiison-hurnor. ()zono is rapidly and completely 
converted into oxygen at temperatures above about 250’. t 
Ozone i:-. also decomposed by vegetable matter, such as cork 
and india-rubber (which it oxidises), so that these materials 
must not be used in any part of an ozoniser which is exposed 
to the gas. Ozone is completely absorbed by oil of turpentine 
(p. 125) and by many other carbon compounds. 

When ozonised oxygen is led through a glass tube which is 
cooled to —1ST' the ozone condenses to a very deep-blue 
liquid of boiling-point -119°, and only a little oxygen 
liquefies with it; the pure ozone, which may be obtained by 
the fractional distillation or evaporation (}>. 32) of this liquid, 
is to a great extent converted into oxygen when it reaches 
the ordinary temperature of a room. 

Since ozone is produced from oxygen, and is converted into 
oxygen when it is heated, it must consist entirely of oxygen 
matter. Now these two gases cannot diller from one another, 
as may two solids, in the arrangement of their molecules 
(compare p. 211), so the difference between them must 
he due to some difference in the nature of their iMolecules. 
Therefore, since oxygen molecules consist of two atoms 
(p. 1^9), those of ozone might consist of one, three, four, or 
more. Tn order to establish the relation between oxygen and 
ozone it is necessary to find the molecular weight of ozone 
from its density ; but as pure ozone is not stable at ordinary 
temperatures, the experiments must be. made with ozonised 
oxygen in which the proportion of ozone is determined after¬ 
wards by absorption with turpentine. 

^or this purpose, a large glass globe full of oxygen is care¬ 
fully weighed ; it is then filled with ozonised oxygen under 

* The connection is made by means of a pierced oork which has been 
coated with paraffin wav. 

f Ozone is also decomposed when it is ‘sparked’ (p. 29N), and the 
platinum terminals (»/, ff t fig. .KM)) may be used to show this decomposition.' 
,1’nc taps of the tub“H {d) and If) being closed, an increase m volume ia 
observed on 1 sparking.’ 
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the same conditions of temperature and pressure and weighed 
again. After this second weighing the globe is cooled and the 
tap is opened under turpentine, some of which is then drawn 
into the globe. After the tap has been closed, and the turpen¬ 
tine shaken with the gas for some time, the tap is again opened 
under turpentine and the globe is left to .regain its original 
temperature. The total volume of the turpentine which is 
then contained in the globe is measured, and this volume is 
equal to that of the ozone which has been absorbed. From 
these data the weight of this volume of ozone may be calcu¬ 
lated, and the density of the gas is thus found to be 24. 


Example .—Weight of globe full of oxygen, 52*8540 g. Weight 
of globe full of ozonised oxygen, 52*9125 g. Volume of ozone 
(collected to N.T. P.), 80 c.c. Hence 80 c.c. of ozone weigh 
52*9125 - 52*8540 = 0*0585 g. plus the weight of 80 c.c. of oxygen 


80 

(which is l*43x jqqq= 0*1144 g.). 


Since 80 c.c. of ozone weigh 


0*1729 g., 

--——24 

0 09 


1000 c.c. weigh 2*16 g., and the density, therefore, is 


The density of ozone may also be determined indirectly, but not 
accurately, in the following manner: A small, sealed, thin-walled 
tube containing turpentine is suspended in the ozoniser (tig. 100, 
p. 463) in such a way that it. can he broken by rotating the inner 
tube («).* The ozoniser is then filled with dry oxygen at atmo¬ 
spheric temperature and pressure, and the taps (d and f) are closed. 
The discharge is then passed for some time, the apparatus is allowed 
to cool, and the contraction of the gas is measured by noting the 
movement of the sulphuric acid in the U-lnbe. Let this contrac¬ 
tion be x c.c. 

The bulb containing the turpentine is then broken, and after the 
absorption of the ozone is complete the contraction due to this 
absorption is measured. This is found to be 2a: c.c. Therefore the 
volume of oxygen which has disappeared is 3a:c.c., and this volume 
of oxygen gave 2a; c.c.. of ozone. As three volumes of oxygen of 
density 16 give two volumes of ozone, the density of ozone is 24. 

The density of ozone being 24, its,molecular weight is 48; 

* In ozonisers used for thin purpose the tube {a, a) is ground, and not 
sealed, into tlie outer tube (6). 

I non. 2 D 
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tho molecule of ozone, therefore, consists of 3 atoms of oxygen, 
and is represented 1 >y O r This conclusion is conlirnied hy 
measurements of the rate of diffusion (]>. l(i^) of ozone con¬ 
tained in ozonised oxygen. 

The relation between the two gases, therefore, is expressed 
by the equation, • 

SO,,< —^2G 3 
3 vols. 2 vols. 

The change from left to right is an endothermic reaction, and 
the energy required to bring it about is supplied in the 
ozoniser in the form of electrical energy.* 

Since ozone differs from oxygen in chemical properties and 
yet is made of the same form of matter, it is sometimes termed 
an allotropic form ol' oxygen (pp. 215, 479); it is also referred 
to as ‘ active oxygen.’ 

Ozone shows three distinct types of reactions. (1) If. 
combines directly with, and therefore is absorbed by, many 
carbon compounds, such as turpentine and other unsaturated 
substances. (2) It oxidises many substances and at the. same 
time gives free oxygen, ns, for example, in the case of lead 
sulphide, 

PbS + 40 M = rbS0 4 + 40 2 . 

(3) It decomposes in presence, of many substances, such as 
platinum black (p. 712), lead dioxide, and manganese dioxide, 
and is completely converted into oxygen, the substances in 
question acting as catalytic agents. 

Ozone is produced, together with hydrogen peroxide, in 
many reactions in which moist gaseous oxygen takes part 
(P- 477). 

* In the owmiscr described above the conditions are such that equilibrium 
is established when the percentage of ozone in the product (> cot used oxt/f/ai) 
is not more than about 3 to H per cent Ozonised oxygen containing as 
much as 23 per cent, by weight of ozone can be obtained by the. electrolysis 
of diluted sulphuric acid of specific gravity less than 1*22, UBing electrodes 
of which only an extremely small surface is exposed to thy solution. 
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Water, HJ). 

The synthesis of water by Cavendish (p. 105), its decom¬ 
position by Lavoisier (]>. 106), its quantitative analysis by 
weight (p. 110), and its quantitative analysis by volume 
(p. 188) have already been described. 

More recently the composition of water by weight has 
been very carefully determined by Morley, by burning 
weighed quantities of pure hydrogen in weighed quantities 
of pure oxygen and weighing the. water thus formed. His 
results gave tin*, ratio, II : () — 2 : 15*88 by weight and 2*0027 : 1 
by volume. 

The high boiling-point of water compared with that of 
hydrogen sulphide, and many other properties of water 
which are of an apparently abnormal hind, are accounted 
for by tins fact that the molecules of (liquid) water are 
associated to form complexes (11 2 0)„, where n — 'l or 3. 

When any ordinary sample of water is distilled, the dis¬ 
tillate contains traces of dissolved gases, such as carbon 
dioxide, ammonia, and oxygen, because, although these 
gases are expelled when tin* water is boiled, they dissolve 
again in the condensed steam. Further, when distilled 
water comes into contact with ordinary glass apparatus, it 
has ail appreciable solvent action on the silicates contained 
in the. glass (p. 293), and'becomes contaminated with traces 
of alkali hydroxides and .salts. The impurities which are 
thus taken up may he present in such minute quantities 
that it is almost impossible to detect them by chemical 
examination, blit even when this is the case their presence 
increases in a very marked manner the electrical conductivity 
of the sample. 

Pure water, practically speaking, is a non-conductor; the 
presence of ini]unity and some idea of its quantity is there¬ 
fore. most easily ascertained by im*»suring the conductivity 
of the sample. 

, In order to obtain water of a very liigli degree of purity, 
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it is distilled in a vessel made of copper or of tin-pi a to 
(p. 388), using condensers of tin and a receiver of tlie same 
metal or of best Jena glass. The lirst portions of the water 
are neglected, and the apparatus is so constructed that the 
pure distilled water (‘conductivity water’) is cut off from 
direct communication with the atmosphere—a matter of 
great importance. 

It has already been noted that many oxides combine 
directly with wafer, forming hydroxides. In the case of 
those metallic oxides which do not unite with water directly, 
the corresponding hydroxides may generally he obtained by 
treating a salt of the metal with sodium hydroxide in 
aqueous solution, 

jVl nCl, + 2XaOII - Mn(( >1T), + 2NaCl 

CuK( f 4 f 2Na()II -Cu(()H)“+Na,S() r 

Some hydroxides (e.g. silver hydroxide) are so unstable that 
when prepared by this method they immediately decompose, 
giving water and the oxide, so that, although they may in 
some cases exist in aqueous solution, they cannot he isolated. 

Theoretical!)/, however, for every oxide there may exist 
a corresponding hydroxide, which can he formed by the 
direct union of the molecules of the oxide with those of 
the water. This union is rendered possible by a rearrange¬ 
ment of the atoms of both the molecules. Every atom of 
oxygon in the oxide is assumed to be combined to the other 
element by both its hooks or bonds (p. 331) ; but this 
arrangement may he altered in such a way that the two 
elements remain united by only one hook or bond of each, 
leaving free for other combinations one hook of the oxygen 
atom and one of the other element. When, therefore, an 
oxide unites with water, the grouping X = O becomes 

transiently X<C , and the latter combines with a hydrogen 

atom and a hydroxyl-group from the water molecule to 

fofm the hydroxide X<Cq 
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In this way them are formed twice as many hydroxyl- 
groups as there are atoms of oxygen in the original oxide. 

Now when the oxide is that of an element of even valency, 
one molecule of tlie hydroxide is formed from every molecule 
of the oxide, as, for example, 


CiiiO + lLjO = Ca(oil ) 2 + 2l'r.,0 = C(01t) 4 * 

When, however, the oxide is that of an element of odd 
valency, it contains two atoms of the element linked together 
by oxygen, and in the combination with the water molecules 
the ‘link’ is broken, two molecules of the hydroxide being 
formed from one of the oxide, 


Na 

Na 


>0 + H/) = 


N a — O — H 
Ka -O-II 


A1 — O 

>() + 311,0 = 
Al-0 


A1(OH) s t 
Al(OH) 3 . 


These examples will illustrate the relation lietween an 
oxide and the corretijionrfitnj hydroxide; the valency of the 
element is the same in both compounds and corresponds with 
the number of the univalent hydroxyl-groups. 

As the different elements vary in valency from 1 to 8, the 
following types of hydroxides are theoretically possible, 

X(OH), X(OH) 2 , X(OU)„, X(OH)„ X(OH)„ 

X(OH),., X(OII) ; , X(()H)». 

Further, since many elements show a variable valency, a 
given element may form two or more of the above types 
of hydroxides. Manganese, for example, may give the 
compounds, 

Mii(OIT),, Mii(OH) 4 , Mn (OH),., Mn(()H) 7 . 

The various hydroxides which are thus theoretically 
derived from the known oxides of an element are not 
always actually obtainable. When the number of hydroxyl- 
groups in a molecule exceeds three the theoretically possible 
hydroxide is often unstable, but in ^ts place there may exist 


* The compound represented by this formula is not actually obtainable, 
f Aluminium oxide docs not unite directly with water. 
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a con i pom id formed from it by loss of the elements of water. 
Thus the hydroxide C(()ll) 4 does not exist, except possibly 
in aqueous solution, but carbonic acid is derived from it, 


C< 


Oil 

.(Ilf 

'OH 

OH 


/Oil 

(J— o + HoO. 

\ou 


The hydroxide N(OH) ft does not exist, except possibly in 
aqueous solution, but nitric acid is derived from it, 


.Oil 

H — (»— 1ST- I!!! H-O-.V 11 + im,U. 

.OH s () 

oil 


Similarly, the hydroxide S(OlI) 0 gives rise 
acid, 

✓oil 

H-(T (HI H-(K t 

h-o on ir-o ^'\o + 

'dll 


to sulphuric 


ini.A 


and the hydroxides Cl(OH) 7 and Mn(OH) 7 give rise to 
perchloric and permanganic acids respectively, 

^ O 

<JI(oil) 7 If - o - Cl 'O + 3H.,() 

' \() 

so 

Mn(( )II) 7 H - 0 - M n = O + 31I t> 0. 


All the oxygen-containing acids are, compounds of this 
type, and their displac<*able hydrogen is directly combined 
with oxygen. The normal acid hydroxides, that is to say, 
those compounds in which all the oxygen atoms are united 
to hydrogen, are often called oiiho- acids, Avhilo those com¬ 
pounds derived from ortho-acids by the loss of the elements 
of water are often called* in via- acids. Thus tin*, hydroxides 
0((>H) 4 and Si(01I) 4 are. known as ortho carbonic and ortho- 
silicic acid respectively, while the compounds C(J(0H) s and 
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►SiO(OJT) 2 arc called mota-carbonic and meta-silicic acid 
respectively. Unfortunately these terms utg not used in 
a very systematic manner; the compound PO(OH) a , for 
example, is called 'ortlm-phosphoric acid, whereas this .name 
should he given to the unknown hydroxide, P(OH) 5 , from 
which ortho-phosphoric acid is derived. 

Hydrogen Peroxide, II 2 0 2 . 

Hydrogen peroxide (or hydrogen dioxide) was first ob¬ 
tained by Thenard (INltS), who prepared it in aqueous 
solution by treating barium peroxide (dioxide) with dilute 
acids, 

Ba0 2 + 2HCU - liaCJ,, + H.A, 

By using an acid which forms an tnwfuhfe barium salt and 
employing the right proportions of barium peroxide and acid, 
there results a solution which, when it is filtered, contains 
only hydrogen peroxide (foot note, p. 433). Hence an aqueous 
solution of hydrogen peroxide is conveniently prepared by 
slowly adding barium peroxide to add, dilute sulphuric acid 
until the solution is just neutral, or by passing carbon dioxide 
through water containing barium peroxide in suspension, 

BaO a + H a S< > 4 - BaS(> 4 + 1I 2 0 2 
Ua0 2 + H 2 CO s - BaCO.j + H 2 < > a . 

Tlio solution is then filtere<l and evaporated at ordinary 
temperatures in a vacuum, whereupon hydrogen peroxide 
remains as a colourless, syrupy liquid. 

Ordinary commercial barium dioxide is only slowly acted on 
by dilute acids and gives poor results because the impurities 
which it. contains decompose the hydrogen peroxide on the 
solution being evaporated. As the purification of the barium 
dioxide is a troublesome task, concentrated aqueous solutions 
of hydrogen peroxide are best prepared by gradually adding 
sodium peroxide (p. G71) to errws of well-cooled dilute 
sulphuric acid, 

NdgOg -f II 2 S0 4 — .Nh,,S0 4 + H 2 0 2 . 
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Although hydrogen peroxide is decomposed in aqueous 
solution by many salts, sodium sulphate does not cause its 
decomposition, and a pure, aqueous solution of the peroxide 
may be obtained from the impure solution by distillation 
under reduced pressure.* From this product the pure per¬ 
oxide may be isolated by further fractional distillation under 
reduced pressure. 

Hydrogen peroxide, has a neutral or faintly acid reaction 
and a bitter taste, and is poisonous; its sp. gr. is about 1 *5, 
its melting-point — 2°, and it boils at 84-85° under a pressure of 
68 mm. The pare compound does not change spontaneously, 
but in presence of even traces of many other substances it 
may explode violently, and this is true also in the case of 
its concentrated aqueous solutions. 

Even dilute solutions of hydrogen peroxide decompose 
when they contain free alkalis or certain salts. For this 
reason commercial solutions generally contain a little sul¬ 
phuric acid, which prevents them from becoming alkaline 
when they arc kept in glass bottles,! and thus increases tlieir 
stability. 

Aqueous solutions of hydrogen peroxide are also decom¬ 
posed and oxygen is evolved when they are treated with 
finely divided silver, platinum, and many other metals, or 
with many oxides, such as manganese dioxide, or litharge ; 
in this decomposition, which is strongly exothermic , water and 
oxygen are formed, 

H 2 O s + Hjj0 2 = 2H 2 0 + 0 2 , 

and the added metal or other substance is not permanently 
changed, but acts as a catalytic agent. 

The fact that hydrogen peroxide, when decomposed, gives 

I * The object of reducing the pressure is to lower the boiling-point, and 
thus avoid the decomposition <ff the peroxide. 

+ Water .kept in a glass bottle soon becomes alkaline, owing to its solvent 
action on the components of the glass (p. 293). Hydrogen peroxide is often 
stored in bottles which are coated on the inside with paraffin wax. 
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water and oxygen only renders it possible to determine its 
composition by weight in a relatively simple manner (p. 474). 

Hydrogen peroxide is an active oxidising ageist towards 
many substances. It liberates iodine from potassium iodide 
in presence of acids,* 

2111 + H a O a = 211,0 +I 2 , ’ 

and immediately imparts a blue/ colour to stareh-potassium- 
iodide paper; it oxidises lead sulphide to lead sulphate, 
sulphurous to sulphuric acid, and hydrogen sulphide to 
sulphur and water, 

PbS + 4H,0, - Pbfi( ) 4 + 411*0 
II,S0 3 + HA - 1I 2 S( ) 4 + U“0 
8H S + H a <) 2 = S + 2H 2 (). 

It also oxidises and bleaches indigo and litmus, and many 
other substances (p. 475). 

Hydrogen peroxide also acts as a reducing agent towards 
a few substances. Thus it reduces the oxides of silver and 
of mercury to the metals, 

AgoO + HA = ^ Ag + Og + H,0 
IlgO + HA = Hg + O, + H 2 (); 

and it reduces lead dioxide to lead monoxide, 

Pb() 2 + H A = Vh0 + 0 L , + H 2 G. 

It also reduces potassium permanganate: in alkaline solution 
to hydrated manganese dioxide (p. 446); in acid solution to 
a manganous salt, 

2KMii() 4 + 5 IT A + dH,80 4 -= 

K 2 S( ) 4 + 2M nS0 4 + 8H 2 0 + 50 2 . 

In these, and in all cases in which hydrogen peroxide acts 

* Oxygen is also evolved in this interaction. When a neutral solution 
of hydrogen peroxide is added to a neutral Solution of potassium iodide 
oxygen is evolved, but there is no appreciable liberation of iodine; never* 
tlieloss a starch-potassium-iodide paper moistened with the solution of the 
peroxide immediately becomes blue- 
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as a reducing agent, one molecule of oxygen is evolved for 
every molecule, of hydrogen peroxide which takes part in the 
reaction. ^ It seems, therefore, that an atom of oxygen from 
the hydrogen peroxide combines with an atom of oxygen 
from tin*, other substance to form, a molecule of oxygen, and 
in this way two •substances which generally behave as oxidis¬ 
ing agents are both reduced. 

All the reactions described above may he used in testing 
for hydrogen peroxide, hut they arc not rhantefer/xlic re¬ 
actions; that is to say, other substances (such as ozone) give 
similar outward results. A very characteristic, and also a 
very delicate, test for hydrogen peroxide is the. following. 


The solution to he tested is 


aeidilied with a lit,tie dilute 


» 


sulphuric acid, and placed in a bottle together with some 
other; a drop of a solution of potassium diehroinate is then 
added, and the bottle is closed with a glass stopper and 
vigorously shaken for a moment. The ether which then 
rises to the surface of the aqueous solution is coloured a deep 
blue if hydrogen peroxide was present, owing to the forma¬ 
tion of a very unstable substance (probably perchromie acid, 
IlCrUrJ, which rapidly decomposes. 

The rtttnjiiisttion of pure hydrogen peroxide may he deter¬ 
mined by dissolving a weighed quantity of the substance in 
a little water, and then passing the solution into a eudiometer- 
tube which is tilled with mercury; on being gently heated 
the peroxide is completely decomposed, and the weight of the 
liberated oxygen is calculated from the corrected volume of 
the gas. 


Example .—01 g. of hv«lrogen peroxide gave 32*8 c.c. of oxygen at 
N.T.P. Since 32’8 c.c. of oxygen weigh 0 00143 > 3*2'8- 00409 g., the 
livdiogeii pci oxide has ghou 404/ per cent, of oxygen. Knowing 


that the only other product is wafer (531 pm cent, by ditl'mence), 
the ratio O -ll s O is deduced in the usual way, 


*40*04- 10 ~‘2’93 0 
53*1-f 18 = 2*05 lip. 


i > tViot. found that lt\ilritwh fMituxhh‘ lut# lit*' ftfijtlH* 1 



THE OXYGEN FAMILY. 


475 


formula HO. Its molecular weight may he determined l»y 
the cryoscopic method, and is found to he 31 ; the molecular 
formula, therefore, is H.,0.,. 

' M M * 

Although hydrogen peroxide is u relatively simple com¬ 
pound, its r.owitifii/ion or structure has not yet heen estab¬ 
lished quite satisfactorily; and there is some doubt as to 

whether the formula II — O — O-H or () = ()<|| should 

he used to represent the arrangement of the atoms in the 
molecule. The readiness with which the compound decom¬ 
poses into water and oxygen seems to point, to the second 
formula (in which one of the oxygen atoms is represented as 
being quadrivalent), hut a study of certain organic derivatives 
of hydrogen peroxide seems to indicate tli.it the iirst formula 
is the hotter expression. 

This question of the constitution of hydrogen peroxide 
is of some general importance, inasmuch as the consti¬ 
tution of barium peroxide, sodium peroxide, and otliei 
peroxides is piohably similar to that of this hydrogen 
compound. 

Hydrogen peroxide, is used commercially in bleaching deli¬ 
cate materials, such its silk, feathers, hair, and ivory, which 
are damaged by the application of bleaching powder. Jt is 
also used as an antiseptic in surgery, and in renovating oil- 
paintings. The hydrogen ’ sulphide present, in the air of 
towns acts on the white-lead (p. GOO) and other lead com¬ 
pounds which are often used in oil-painting, and changes 
them into (black) lead sulphide; hydrogen peroxide restores 
the original appearance, because it oxidises the lead sulphide 
to colourless lead sulphate (p. 473). 

The tjutndHi/ of hydrogen peroxide, in an aqueous solution 
may he ascertained -by decomposing a known weight (or 
volume) of the solution with excess of potassium perman¬ 
ganate in presence of sulphuric acid, ahd then measuring the 
volume, of the oxygen which is liberated. 

It has been proved experimentally that in this reaction 
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ono-half of the liberated oxygon comes from the hydrogen 
peroxide and the other half from the permanganate, in 
accordance with the equation. 


2KMn< > 4 -f 311 ,K( ) 4 + 51 !.,().,--- K,SO,+- 2MnS( > 4 + 811 2 0 -I- 50 a ; 



hence 1 gram-molecule (or 22’4 
litres at ^N.T.P., compare p. 4G1) 
of oxygen corresponds with 1 
gram - molecule of the per¬ 
oxide. 

The estimation is conveniently 
carried out as follows: A mea¬ 
sured (or neighed) quantity of 
the solution contained in the 
small tube (n, jfig. 101) is 
placed in the bottle (b), which 
contains an c./vvw of potas¬ 
sium permanganate and dilute 
sulphuric acid. The bottle 
is connected, as shown, to 
the nitrometer (r). P»y raising 
the reservoir (r?) and opening the 
3-way tap (e) to the air, the 
graduated tube* (r) is completely 
filled with the water (or mercury) 
contained in the nitrometer. 
The tap is now turned so that 
the tube (r) is cut ofi‘ from the 
air and from the bottle (b). The 
pinch-mck (/) is momentarily 
opened so that the air in the 
bottle may he brought to baro- 


Fig. 101. metric pressure, the bottle and 

* the tube (c) are connected by 
turning the 3-way tap, and the reservoir (/f) is lowered. 

The solution of the peroxide is now carefully brought 
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into contact with the acidified permanganate by tilting 
the bottle (/>), and when the two liquids have boon 
thoroughly mixed the apparatus is allowed to cool. The 
reservoir (d) is then raised until the water-levels are the 
same (as shown in the fig.), and the volume of water which 
has been displaced from the graduated nitrometer-tube (c) 
is observed. As the gas in thi$ tube is under the same 
pressure (P) and at the same temperature (t) as was the air 
at the commencement of the experiment, the volume of the 
liberated oxygen (saturated with aqueous vapour, p. 156) at 
P and t° is equal to that of the water which has been 
displaced. 

The concentration of a solution of hydrogen peroxide is often 
expressed in terms of the voltnur of oxygen which is liberated 
under these conditions; thus a 2.1-volume solution one which 
gives 25 e.c. of oxygen at N.T.P. for every 1 c.e. of solu¬ 
tion. As one gram-molecule (34 g.) of hydrogen peroxide gives 
with permanganate 22 4 litres of oxygen, a 2.1-volume solution 
*25 

contains - x 34 g. of peroxide in 1 c.c. 

wMf *' ft f 

Hydi •ogen peroxide is formed, probably together with 
ozone, when moist phosphorus is exposed to air or oxygen ; 
also when turpentine (p. 125),* zinc, lead, and many other 
substances are exposed to molecular oxygen (0„) in presence 
of water. In these cases it is easy to show that some oxidis¬ 
ing agent has been produced by testing the gas (air or oxygen) 
or water with starch-potassium-iodide papers ; hut it is often 
difficult to ascertain whether hydrogen peroxide, or ozone, 
or both, have been formed, because they may be present in 
very small quantities only. Thus it is very difficult to prove 
whether ozone, or hydrogen peroxide, or lx>th, are present in 
the atmosphere. 

Hydrogen peroxide and ozone are liotli formed during the 
action of molecular hydrogen on molecular oxygen, that- is to 
say, when the one gas burns in the other. 

* The formation of hydrogen peroxide and of ozone during the atmo¬ 
spheric oxidation of turpontine has been denied. 
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The formation of hydrogen peroxide may ho shown by 
playing the oxyh\ diogen flame on the surface of a solution 
of titanium dioxide in sulphuric acid, when a yellowish 
colouration is produced. This lost is not given by ozone. 

The formation of ozone may he shown by playing the 
point of a hydrogen llame on the surface of a bright piece 
of silver, prepared as already described (p. 462). 

Hydrogen peroxide is produced during the electrolysis 
of dilute sulphuric acid under certain conditions (footnote, 
p. 166), and ozone is said to be formed by the action of acids 
on barium peroxide (compare hydrogen peroxide, p. 171). 

Auto.* it (at ion .—The formation of ozone during the oxida¬ 
tion of certain substances by atmospheric oxygen was at one 
time accounted for by supposing that some* of the oxygen 
molecules were resolved into their atoms, and that, while 
some of these atoms oxidised the given substance, others 

combined with some of the oxygen molecules to form ozone. 

# 

To such spontaneous oxidations brought about by free oxygon 
tile term antoxhlntinn has been given, but the original ex¬ 
planation of the formation of o/om* lias been abandoned. 

During the oxidation of an autoxidisable substance, the 
oxidation of other substances which by themselves do not 

i 

undergo autoxidation may be brought about ; this is possibly 
due to the formation of ozone or hydrogen peroxide, but the 
phenomena have not yet been satisfactorily explained. 


CHAPTER XJJX. 

Sulphur and its Compounds. 

Sulphur, K h ; At. Wt. .‘{2. 

It usoil to be supposed that native sulphur (p. 211) bad 
boon formed from volcanic gases by the, interaction of 
itydiogeu sulphide and sulphur diuxide (p. 280), but it is 
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now considered more probable that the naturally occurring 
deposits of this element have, been produced by the action 
of bacteria. Certain organisms, the ‘sulphur bactejja,’ have 
the property of absorbing sulphur from hydrogen sulphide; 
as this gas is often formed in considerable quantities by 
the decomposition of animal or vegetable blatter in pre¬ 
sence of water which is rieh in sulphates, it may serve as 
‘ food ’ for the sulphur bacteria, and when the dead organisms 
decompose, the sulphur which they eontaiu is left as a 



Although the different varieties of sulphur (rhombic, mono- 
clinic, plastic, and amorphous, pp. *J I 'l-'2\i) are often spoken 
of as allotropic forms of sulphur, it is not known whether 
the relationship between them is or is not comparable to that 
between oxygen and ozone : in the latter case it can he proved 
that the inohrif/i s of the two allotropic forms of the element 
are ditl'crout, hut in the case of sulphur it is not known 


whether the various 


varieties e< 


msist of identical molecules, 


or whether some of them have a dilferent molecular 


complexity from others. As, however, the rhombic and 
mouoelinie forms of sulphur are so easily changed one 
inlo the other, and are so \eiy similar in chemical properties, 
it seems probable that their molecules are identical, but 
that these molecules are differently arranged in the two 
crystalline varieties. The term ‘ a lie tropic form * is thus 
often u.sed without any reference to the nature of the 
relationship between the distinguishable varieties of an 
element. 


The vafenri/ of sulphur is variable. In hydrogen sulphide 
sulphur is bivalent, but in its oxides and hydroxides 
it is either quadrivalent or sexvalent, as indicated in the 
structural formula 1 of these, compounds which are given 
later. 


Sulphur unites with chlorine at tfrdinary temperatures, 
giving first ttnlphur mounchloridc, S.,(T,, then the dirhloride , 
SCI* and linally (in the cold) the tetrachloride ., SCI 4 . The 
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monoehlorido is a yellow liquid (h.p. 138°), and is used in 
vulcanising india-rubber ; it is decomposed l)y water, 

2K.,C1, + 211,0 - S( ) 2 + 411 Cl + 3S. 

Hytjkocbn Sulphide, TT 2 S. 

The combination of hydrogen and sulphur to form hydrogen 
sulphide (p. 210) is a reversible reaction, as hydrogen sulphide 
dissociates helow a red heat (p. 217). The compound is 
formed in small proportions when hydrogen is passed through 
boiling sulphur, as may be easily shown by exposing a lead- 
acetate paper * to the escaping gas after the gas has been 
cooled and filtered through cotton-wool in order to free it 
from particles of sulphur. 

In preparing pure hydrogen sulphide, precipitated zinc or 
antimony sulphide (p. 220) is treated with hydrochloric acid ; 
the gas is washed with water, dried with phosphorus pentoxide 
(not with sulphuric acid), and collected in a glass bulb (not 
over mercury). 

As hydrogen sulphide is used so much in analytical work, 
its reactions with various substances should he carefully noted. 
These are of two types : (a) double decompositions loading, 
as a rule, to the precipitation of an insoluble sulphide (p. 220), 
or to the formation of a soluble sulphide (p. 207); and ( h) 
reactions in which hydrogen sulphide acts as a reducing 
agent, important examples of the latter are described on 
pp. 421, 422, 452, and 507. 

A sulphur compound corresponding with hydrogen peroxide 
is not known, hut a yellow oil of the composition II.,S r , (?) 
obtained by adding a solution of calcium polysulphide f to 
hydrochloric acid is sometimes called lujtlroym p'TMjJjthhhi. 

* Papers moistened with a solution of lead acetate (j». 270) an* often 
used in testing for hydrogen sulphide in gas ous mixtures, as they are 
turned hrown or black by this gas owing to the formation of lead 
sulphide, <. 

PI,(C,H :i O,),4 HjjS-PhK + 2< bH 4 0 2 . 

t ('Uained by heating sulphur with milk of lime. 
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Sulphur I)iox irk, S 0 2 or O - S - O. 

Sulphur dioxide (p. 229), like hydrogen sulphide, is a very 
important reducing agent, and examples of its action are 
given on pp. 414, 452, 482, 506, &c. 

Its (unusual) oxidising action on hydrogen*sulphide (p. 289) 
is easily demonstrated by placing cylinders containing the two 
gases mouth to mouth ; if both gases are dry no visible action 
occurs, but on a few drops of water being added, sulphur is 
rapidly deposited on the moistened surface of the glass. 

Liquid sulphur dioxide (footnote, p. 232) boils at 8 ° under 
atim >spheric | uvssure. 

Iii addition to sulphur trioxide (p. 231), sulphur sesqui- 
oxidc, S 2 ( >.,, and sulphur heptoxidc, S..O-, are known. The 
latter is the anhydride of persulphuric acid (p. 495). 


Sulphurous Acid, H..SO., or 0 = S<,. v TT . 

1 ^O-II 

The only nonmil salt of sulphurous acid (p. 233) which is 
of much importance is sodium sulphite, Na.,S0 3 , which is 
prepared by passing sulphur dioxide into a solution of sodium 
carbonate until carbon dioxide ceases to be evolved, and then 
evaporating the solution out of contact with the air, 


Na,,< ’0 3 + II 3 SO 3 - Na,S< > 3 + C0 2 + ILO. 


It forms colourless crystals, is readily soluble in water, and 
like all sulphites is decomposed by hydrochloric or sulphuric 
acid, giving sulphur dioxide, 


Na 2 S0 3 + 1 1,S( > 4 Na 2 S0 4 + SO., + H 2 0; 


consequently sodium sulphite is often used in preparing 
sulphur dioxide. 

Sodium sulphite, both in the dry state and in aqueous 
solution, combines with atmospheric oxygen, giving sodium 
sulphate. Although it is a normal salt, it' solution has an 
alkaline reaction to litmus. 

inot* 2 is 
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Calcium sulphite, CaS() ;j (p. 234), is only sparingly soluble 
in water. 

Sodium hydrogen sulphite, NaHRO.. (j>. 260), or sodium 
bisulphite, may be obtained in colourless crystals by passing 
sulphur dioxide in f/nw into a cold saturated solution of 
sodium carbonate, or into a. concentrated solution of sodium 
hydroxide. It oxidises on exposure to the air, and its solution 
acts in most respects like that of sulphurous acid. When, 
for example, sodium hydrogen sulphite is added to chlorine 
water the halogen is reduced, 


2NaHS0 8 + Cl, + H,<_) = A r a,SO, + 2IIC1 +11,S( ; 


the aeids thus formed then act <>n the sulphite or acid 
sulphite, and sulphurous acid is liberated. Sodium hydro¬ 
gen sulphite is used, under the name ‘ bisidphite-antichlor,’ for 
removing traces of ‘chlorine’ from materials which have been 
bleached with ‘ chlorine ’ (bleaching powdei, p 631)). ITnlcss 
the ‘ clilorine ’ is completely removed, a result which is difficult 
to attain by washing with water, the fabric or other material 
is liable to become ‘tender’ and fall to pieces. 

Calcium hydrogen sulphite, ('a(lIS0. 4 ).„ prepared by saturat¬ 
ing milk of lime (p. 61)) with sulphur dioxide, is used in the 
paper industry under the name of ‘bisulphite of lime.' Like 
all acid sulphites, it. is readily soluble in water. 

When sulphur dioxide combines with waler to give sul¬ 
phurous acid, the union probably occurs in the usual manner, 
two hydroxyl-groups being formed from ^ O and TI.,0 (p. 468). 
If so, the molecule, of sulphurous acid would have the structure 
given above. The behaviour of the acid also accords with 
this view of its constitution, as, for example, its formation by 
the hydrolysis of sulphurous chloride (p 483). 

Hyposulphnrous acid, H,S,() J( is produced when a saturated 
solution of sulphurous acid is left in contact, with zinc in the cold, 

Zn+ 311^80,:- ZnSO, | H„K,O t -i 211,0. 

bin..larly, a solution of flic Milpliit.es ami hyposulphites of zinc 
h»qcI of s.idium is obtained when zinc is left in a cold solution of 
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sodium hydrogen sulphite. This solution is used in dyeing with 
indigo; it is a very active reducing agent, and rapidly absorbs 
oxygen on exposure to the air. 


Sulphurous chloride or thimujl chloride, * S0C1, or 
O-SCl.,, is a colourless fuming liquid (h.p. 80°) obtained 
by passing dry sulphur dioxide over phosphorus pentachloride, 
or by treating sulphites with phosphorus pentachloride, 

PCI fl + S( ) 2 = H( )C1, + POOl.;. 

2PClji + Nu 2 R( ) ;J - R< )C1 2 + 2NaCl + 2P( >C1 3 . 

It is decomposed by cold water, giving hydrochloric and 
sulphurous acids, and is therefore the chloride of sulphurous 
acid (p. 492). 


►Sulphuric Acin, II., SO. oh T1 - 

’ * 4 ()/ O-H 

In th<‘ manufacture of sulphuric acid by tin* £ leaden chamber 
prom®' (p. 287) the materials used are (1) iron pyrites, or 
zinc, sulphide, or sulphur : (2) atmospheric oxygen ; (3) water ; 
and (1) a relatively small quantity of nitric acid. 

The principle of the process is that sulphur dioxide, 
obtained by 1 aiming iron pyrites (pp. 221, 287), or zinc 
sulphide, or sulphur, in the air, is oxidised by atmospheric 
oxygen in presence of sonic oxide of nitrogen which acts 
catalyticallv (pp. 233, 288).* The sulphur trioxide thus 
produced combines with ‘water vapour to form sulphuric 
acid. 

The apparatus shown diagrammatically in tig. 102 consists 
of the ovens or burners (a, a), the Glover tower (/>), the 
leaden chambers (r, »•')» of which two only are shown, and 
the Gay-Lussac tower (<f). A steam boiler, not shown, 

* In a grout many processes of catalysis it is not known how the catalyst 
acts, ami the catalyst scans to remain unchanged both in quantity and in 
composition during the reaction. Hence tho terms catalysis ami catalyst 
rather imply those conditions. Since in the preparation of sulphuric acid 
It is known that, the oxide of nitrogen is e.l»<mi rally changed, and that a 
considerable proportion of it may at any given time he present in a com* 
billed form, it is doubtful whether or not the oxide should he Npoken of 
as a catalyst. Similarly in other cases. 
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supplies steam to the pipe (e), and the required quantity of 
nitric acid is passed into the chandlers in the manner 

described below. 

« 

In the ovens (a, tt) iron pyrites, zinc sulphide, or sul¬ 
phur is burnt on shelves in an ore*;s of air. The combus¬ 
tion of zinc sulphide and of poor qualities of pyrites must be 
assisted by liras, but good pyrites and sulphur continue to 



burn by themselves when once, ignited. The gases from the 
burners pass through Hues, in which dust is deposited, and 
then enter at the bottom of tin* (Hover tower, together, 
as a rule, with nitric acid vapour. 

The (Ilover tower (/>) consists of a cylindrical or rect¬ 
angular chamber of sheet-lead Supported by a wooden 
framework) filled vvitl*. Hints or with very small hollow 
•ar l'f iwaie cylinders. Sulphuric acid from tlm <Juy-I.us.sie 
tower (fij ami dilute acid {'‘rlunnht r ttcitl*) from the chambers 
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are forced by air-pros.sure from the vessel (/) to the top of 
the Glover tower, and after passing through a distributor the 
mixture trickles down through the contents of B the tower, 
meeting the ascending hot gases from the ovens (a, a). 
The results are : (1) The sulphuric acid from the Gay-Lussac 
tower gives up the oxides of nitrogen which it has absorbed 
(see below) ; (2) the acid from the chamber is concentrated, 
and the water which it loses is returned to the chambers; 
(3) the furnace gases are cooled. In some works the nitric 
acid required in the chambers is added to the sulphuric acid 
which is run down the (Hover tower, but in others a mixture 
of sodium nitrate and sulphuric acid is heated in pans placed 
near the pyrites ovens, and the sulphur dioxide passes over 
these, pans, carrying the reduction products of the nitric acid 
to the Glover tower. 


The sulphur dioxide and the reduction products of the 
nitric acid, together with a large volume of atmospheric gases, 
enter the first chamber ('■), where they mix with steam 


from the pipes (>/, <j). The gases then pa^s up the pipe 
(h) into the second, ami up the pipe (//') into the third 
chamber, and enter at the bottom >f tin* Gay-Lussac tower 
(tf), from the top of which they escape through a tall 
chimney into the air. 

The Gay-Lussac tower ((f), constructed like the Glover 
tower, is also provided with a distributor, from which con- 
evutrated sulphuric acid Hows down the. tower. This acid 
absorbs oxides of nitrogen from the chamber gases (see below) 
and runs into Hie vessel (/), from which it is forced to the 
top of the Glover tower. In this lower it gives up the 
oxides of nitrogen. 

The chambers (/*, /•') are made of sheets of pun* lead * 
molted together at their edges; they are supported on a 


# Unless tlio lend is pure it is cor:o.ledi>y the acid; hut lead which 
contains a very small proportion of antimony, and which is much harder 
tnan pure lead, may also Iks employed. The pure metal must Ik* used for 
the construction of the leaden evaporating-pans. 



486 


SULPHUR ANI) ITS COMPOUNDS. 


wooden framework, to which the walls and roof of the 
clmmher arc fastened by means of strips of load. The 
capacity of a chamber is sometimes 200,000 cubic feet. 

The acid which collects at the bottom of the chambers 
contains only 60 to 70 per cent, of hydrogen sulphate, and 
for many purposes lias to h»* concentrated by evaporating 
away the water. The first stages r»f this concentration are 
carried out in pans lined with lead, hut as the stronger aeid 
attacks this metal, glass, or platinum, or silica vessels must 
he used in the later stages. 

The reactions which may occur in the formation of sul¬ 
phuric acid have, already been indicated (p. 2^7), but other 
explanations have been suggested. 

According to Lunge, the principal reactions, after the 
nitric acid has once heen reduced to nitrous acid, consist 
in the formation of nitroxyhu)^ thane nrttf, with fixation of 
a turns] >heri c oxygen, 

2SO,+21IXO.,+ <),,-= 280,(0X0)011. 
and the decomposition of this compound by water, with 
regeneration of the whole of the original <juantity of nitrous 
acid, 

280,(< >X(>)OlJ + 21U) -- 211,80, f 2HX< 

In support of this view there is the fact that when the, 
supply of steam is insufficient, colouiless crystals (chamber 
crystals)* of nitrosylsulplmric acid are deposited on the walks 
of the chamber.* 

The object of the Gay-Lussac tower ('/) is to prevent 
the valuable oxides of nitrogen from being carried away by 
the large volume of atmospheric gases leaving the chamber. 
Concentrated sulphuric acid absorbs nitrogen tetroxide, N., 0 4 
(or its dissociation product, X < ),, j». .‘150), with formation of 
nitrosylsulphuric acid, 

IIj,80 4 -I 2 XO, - 80,(0 XO)oJl f If X( 

* The reduction of nitric acid and the production of this crystalline 
compound uiay be easily demonstrated by passing sulphur dioxide into a 
flask wlcul. is moistened all over the inside with fuming nitric acid. 
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This compound dissolves in the strong .acid, hut when its 
solution is mixed with dilute chum her acid and passed down 
the (Hover tower, it .is decomposed by the water of the dilute 
acid and by the sulphur dioxide, 


2S( t(0'N( >)< >11 + SO., + 21 f 2 0 = 3U 2 S0 4 4- 2NO, 

and the. liberated nitric oxide is curriod back to the chamber. 

As nitric oxide is not absorbed by sulphuric acid, the gases 
escaping 1 'rom the last chamber must- always contain oxygen 
sullicient to convert the whole of the nitric oxide into higher 
oxides of nitrogen, otherwise great loss occurs. Even under 
the most favourable eireumst.ances a small proportion of the 
nitre acid is finally converted into nitrous oxide or into 
nitrogen, and as these reduction products are useless, and 
escape into the. atmosphere, the acid must he added con¬ 
tinuously in small quantities to compensate for loss. 

Commercial oil of rifrinf (O.V.) made by the above process 
has a specific gravity of about 1*X4 at 15 c , and contains about 
93 to 90 per cent, of hydrogen sulphate. In addition to water, 
it often contains impurities such as lead sulphate, arsenious 
oxide, oxides of nitrogen, and dissolved mineral matter. The 
brown colour sometimes seen is due to the presence of charred 
vegetable matter, such as straw. 

When the commercial acid is diluted with 10-20 volumes 
of water, a deposit of lead sulphate may he slowly formed ; 
this salt is much more soluble in the strong acid (probably 
as lead hydrogen sulphate) than in the dilute. The presence 
of arsenic, compounds may be detected by Marsh’s test 
(p. 551);'the presence of oxides of nitrogen, by boiling the 
diluted acid and testing the escaping aqueous vapour with a 
Rtarch-potassium-iodide paper (p. 410). 

Commercial sulphuric acid mav be freed from dissolved 
mineral matter, including lead sulphate, by distillation, but 
the distilled acid may still contain* arsonious oxide, from 
which the (crude) a* id may he freed by adding to it a little 
barium sulphide , this substance converts the arsenious oxide 
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into the insoluble sulphide, with formation also of insoluble 
barium sulphate. 

In the manufacture of sulphuric acid by the contact jirocrm 
(p. 232), sulphur dioxide, prepared by the methods above 
described, is combined with atmospheric oxygon in presence 
of finely divided.platinum.* This reaction only takes place 
rapidly when the mixture is heated, and is accompanied by 
a veTy considerable development of heat, in consequence of 
which a very high temperature may be reached unless pre¬ 
cautions are taken. Now, as the reaction is a reversible one, 
and sulphur trioxide is decomposed at high temperatures, 
unless the temperature is very carefully regulated the com¬ 
bination of the sulphur dioxide* and oxygen is very incomplete. 

The process based on these principles is carried out in the 
apparatus shown diugrnmmatically in fig. 103. 

The iron cylinder (a) contains a number of tubes (/>) filled 
with platinised asbestos, which is supported at intervals by 
perforated plates. These tubes pass through the iron plates 
(e, c), and thus connect the chambers (d, d/). The cold 
mixture of sulphur dioxide and atmospheric gases, carefully 
dried with the aid of sulphuric acid, is led into the iron 
cylinder from the pipes (e, /,*/), the supply from each of 
which can be regulated by valves. The supply from (e) and 
(/) passes upwards through the spaces between the tubes (/>), 
and cools these tubes to the desired temperature. The 
ascending gaseous mixture is thus hrafnl, so that by the time 
it enters the chamber (d) and 1ms been mixed, if necessary, 
with cold gases entering from the pipe (</), it has acquired 
the requisite temperature. 

At the commencement of the process the contact chamber 
is heated by means of the burners (t, «'), the products of 
combustion escaping through the flue (j ); but afterwards 
the chamber is maintained at a constant temperature (about 
430°) in the manner just described. 

* F r *iric oxide, the residue obtained on roasting pyrites, is also used as 
a catalytic agent in some works. 
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The sulphur trioxide., which escapes in the form of vapour 
from the tubes (/>) into the chamber (d') } passes through 



Fi<r. 108. 


the outlet (fi\ and is absorbed iit concentrated sulphuric 
nchl. The solution thus obtained is used directly (see 
distil [dm l ie acid, p. 493), or is continuously diluted with 
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water sufficient to form sulphuric acid by combination with 
the anhydride. 

The product is of a very high degree of purity, he.cau.se, 
unless the*‘•uses are most carefully pmilicd and freed from 
dust, the catalytic action of the platinum rapidly falls olt. 

Sulphuric acid is used in large quantities in the manu¬ 
facture of nitric aei( 1, liy. Iroelilorie acid, sulphurous acid, 
carbonic acid, sodium carbonate, sup<Tph'<sphate~, ^p. nf>0), 
alums ([). (510), and explosives, and m the colour industry; 
in smaller quantities for a great mam other purposes.* 

Sulphuric acid dissociates ela n it is heated, and at 140° 
the cluing'* is practically complete under atmospheric pressure, 

H .SO,-- *■ S( >.,+ ]!.,<). 

At still higher temperature*-. it gives sulphur dioxide, oxygen, 
and water. It sometimes acts as an oxidising agent , thus it 
oxidises hydrogen -ailphide at oulinary lempeiatme.-., 

ji.,so 4 -f n,s - so., + -jn,(> -t- s. 

As a rule, however, it only oxidises substance* at moderately 
high temperatures, as in tin* ease of sulphur and carbon 

(p. -J31). 

Owing to the occurrence of thermal dissociation the 
molecular weight of sulplmrie acid cannot be established by 
determining the vapour density, and owing to the occurrence 
of ionic dissociation (p. d ( J 1) the molecular weight cannot be 
determined in aqueous solution. Thai the moleeulai formula 
of the acid is very probably is shown, however, by 

the results of vapour density determinations made with 
simple derivatives of sulphuric acid, such as sulphuryl 
chloride, SO/!l._„ or dimethyl sulphate, ((III ) ( .t 

* Sulphuric acid is used in the inanufactim- of so many other substances 
that the state of all tie 1 other chemical s of a country may In* 

roughly gauged by the <juan^ity «»f sulphuric tnd winch lint country 
utilises. 

t At oiduary temperatures-, the molecules, 1 l r S< > 4 , ,»re probubl) associated 
fcoin pare w.d p. 4f>7). 
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'fhr. Sulphates .—Many normal sulphates have already 
been described. One of the more- important classes of 
normal salts is that known as tin* vitriol class, which 
includes those sulphates of bivalent metals whicli crystal¬ 
lise with 7IL.O. Thus the salts FeKO ( , 711./0 ZnSO.,, 
711./); MgSo p 7IU), belong to this class, .ami are isomor- 
phous (p. .'1*21). Copper sulphate, CuSO t , nil./), although 
commonly known as ‘blue vitriol,' is not a member of the 
vitriol class. 

Several types of double sulphate* are known : of those, 
the. alums (p. C1G) have already been mentioned (p. 297). 
Another important, class is that represented by ferrous 
anmanninn sulphate. When a solution of approximately 
equivalent quantities of ferrous sulphate and ammonium 
sulphate is crystallised, the double salt FcSt),, (Nll 4 ),SO p 
611./) separates in pale-green crystals. Many other salts 
of this typo are known, as the sulphates of zinc, magnesium, 
and some other bivalent metals rnav take the place of the 
ferrous sulphate, and those ol potassium and some other 
univalent metals may Lake the place of the ammonium 
sulphate in this double salt. The double salts of this type, 
therefore., may be represented by the General formula M"SO t , 
M’.,S() p 611.J). where M" stands for certain bivalent metals, 
and M' for certain univalent metals oi univalent basic 
radicles (p. 266). 

Arid sulphates , of which the best known are sodium 
h/fdrot/mt sulphate (p 2.78) ami potassium hydrogen sulphate, 
KltSOp are, decomposed at high temperatures, first giving 
di- or pyvo-sulphates, and finally normal salts. 


2NaIlX(), -- Na.,S,/)- 4-!!.,(), Na.,S./ ) T - Na^St + S<)... 


Ikirium sulphate, although insoluble in water, dissolves in 
concentrated sulphuric acid, probably owing to tie* formation 
of t xin am hpdroyen sidjdtafe, 1 5a( 1 1 ; similarly with the 

sulphates of strontium, calcium, and lead. 

Chlorosulphonic acid, iS0 2 Cl(Uli), is formed by the com- 
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hinal-ion of sulphur trioxidc and dry hydrogen chloride : also 
by treating pure sulphuric acid with one molecular proportion 
of phosphorus pen trichloride, 

i r/o 4 +1 f ci 5 - st ),ci(( )ii)+roci ;{ +hcl 

The product is purified by fractional distillation, and is 
obtained as a colourless fuming liquid (h.p. lbfi°), which 
is decomposed by water, giving sulphuric and hydrochloric 
acids. 

Sulphuryl chloride, iSO g Cl 2 , is formed when a mixture of 
chlorine, and sulphur dioxide is exposed to direct sunlight. 
Jt is a colourless fuming liquid (h.p. about 70°), and is 
decomposed by water, with formation of sulphuric and hydro¬ 
chloric acids. 

Acid Chlorides .—Compounds such as sulphuryl chloride 
and chlorosulphonic acid, which are derived from acids by 
the displacement of one or more, hydroxyl-groups by an 
equivalent quantity of chlorine, are termed acid chlorides or 
chloranhydrides. 

Constitution of Sidjdinric And.- In order to determine the 
structure or constitution of a compound it is necessary not 
only to consider the valencies of the elements in the molecule 
of that compound, lmt also to examine the chemical behaviour 
of the compound and that of as many of its derivatives as 
possible. 

Now sulphuric acid is formed hv the direct union of 
sulphur trioxide and water. From the study of the change 
which generally occurs when an oxide unites with water 
(p. 468), it would seem that in this union the molecules of 

0 2 S:O and H^O give molecules in which case 

the molecule of sulphuric acid contains two hydroxyl-groups. 
This view is confirmed by the fact that sulphuric acid is a 
dibasic acid, because, fr^mi the behaviour of oxygen acids as 
a class, it is concluded that their diftjtluceatdc hydrogen atoms 
ar*‘ dim tlv united with oxygon. 
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The formation of sulphuric and hydrochloric acids by the 
hydrolysis of sulphury 1 chloride affords further evidence in 
support of this view, since this reaction cannot well ho 
explained except by assuming that it consists in t\ie simple 
displacement of each of the univalent chlorine atoms by a 
univalent hydroxyl-group. 

A study of the relation of sulphuric acid to sulphurous 
acid, disulphuric acid, and to many other compounds also 
loads to the formula S<) 2 (OH) 2 . 

The question next arises, what is the valency of sulphur 
ill sulphuric acid? Is the element quadrivalent as represented 


in tl.e formula *|| / >S(( )II) a , or sexvalent as represented in the 
formula >1I) 2 ? This question is more difficult to 


answer. As there are no reasons for supposing that the 
oxygen atoms in sulphur dioxide and sulphur trioxidc are 
directly united with one another, the structures of these 
compounds are represented by the formula; O- S~U and 




7 \S = O, and not by V /»S i 
K (V 


and 


I - (> respectively. 


From analogy, and because there is no evidence to the 
contrary, the two oxygen atoms, which in the molecule of 
sulphuric acid an* not united with hydrogen, arc represented 
as being united to the sulphur atom only, and not to one 
another as well as to sulphur. For these and other icanons 
it is supposed that sulphur is sexvalent in sulphuric acid, 

and that the acid has the constitution 

(> Oil 


Aqueous solutions of sulphuric acid probably contain the 
molecules ()-»S(OIl) | and S(OH) ( ., which are produced by 
the combination of the H.,S(> 4 molecules with H.,0 and 2I1.,(> 
respectively. * 

SO *OTf 

Disulpburic acid, II t) S.,0 7 or 0<\ - r , is obtained in 
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fin impure stale when hydrated ferrous sulphate! (green vitriol) 
is heated alone (p. 39), or with siliea. The salt first loses 
water and then decomposes, and finally sulphur trioxide 
volatilises. If the whole of the distillation products are 
collected together, dilute ‘ oil of vitriol ’ or sulphuric acid is 
obtained ; hut if the receiver is changed when the salt 
has heon almost completely dehydrated, the distillate then 
collected is a strongly fuming liquid. 

The fuming product was formerly prepared at -Nordhausen, 
and thus came to he known as Nordhausen sulphuric acid or 
fuming sulphuric acid. It is a solution of d im!phuric arid 
in sulphuric acid. 

The changes which occur in the preparation of this impure arid 
depend on the nature of the 1 maleiial employed. If green \itriol 
crystals (KeS<) p Tll./M are used, the salt first loses most of its 
ivatei ; some of the ferrous sulphate then decomposes, giving ferric 
nxi<le, sulphm trioxide, and sulplmi dioxide, 

‘2FeS(l, - Ke.n., ! SO,, \ SO.., 

and the sulphur trioxide thus formed oxidises some of t,he ferrous 
sulphate to a faunc feme sulphate, 

2I'VS( >, i S( ) ;t - FeJ >(SO,)., -f S< K 

The basic ferric sulphate in the later stages decomposes, giving 
ferric oxide and sulplmi trioxide, 

Fe.,0(SO,) H - Ke,0, + L>S( 

In practice the green \itriol is generally first, toasted in the air 
at a low leinpciuturc; it then loses most of its water, and is 
oxidised to a basic feirie sulphate, I'e._,0(S0 4 ). J or |<VJ>,,, 2 ,SO., 
(known as vihiol alone), which decomjioses into funic oxide and 
mlphm trioxide when it is submitted to destructive distillation. 
A ]mrtion of the sulphur trioxide combines with water fiorn the 
original material to form stilphmic acid, which dissolves the 
remainder of the trioxide. The residue of ferric oxide is sold as 
'rouge.' or Venetian red. 

Jjisulphuric acid may be obtained in colonrless crystals 
fm.p. 3i» ) by dissolving sulphur trioxide (obtained by tlm con¬ 
tort process) in sulphury: acid, and then cooling the solution. 
It ma, be regarded as an mdnjdrtdr of sulphuric acid, 

2ilso 4 - n. 2 s a o 7 + u,o, 



SULPHUR AND ITS COMPOUNDS. 


495 


uni is often called tmhi/ifi yw u 7phuric- anti. As its salts are 
Formed l>y heating acid sulphates (p. 491), it is also known 
is pyromil/>hnvie ac.i<L 

Disulphuric acid and its salts combine with water, the aeid 
giving sulphmie acid, and the. salts aeid sulphates. The aeid 
s used in the colour industry. 

Potassium, persulphate, IwS./) 8 , is deposited in crystals 
when a saturated solution of potassium hydrogen sulphate is 
submitted to electrolysis under suitable conditions. The. 

Formation of this salt is dm* to secondary reactions. The 

primary products of electrolysis are atoms of potassium ami 

.lnivalciit radicles, * \>S« ; but when the latter are 

o <> n 

liberated at the anode they unite to form persulphuric acid, 

X S<'! „ l *S and this aeid then reacts with 

>- O-ll NO n 

■some of the potassium hydrogen sulphate to form the spai- 
ingly sohibh- ]iotassium salt. The same salt is formed when 
\ solution of potassium sulphate is used, and similarly so ilium 
nrrruif jili'ifr and tinniKniinm pn^itlp/mfr are obtained by the 
‘leetrolysis of snluliovis of the corresponding sulphates. 

'J'he persulphates decompose, when they are gently heated, 
giving disulphates and oxygen, 

2 Iv.Sj 2K,S,<)_ + O, ; 

uid in aqueous solution they are aetive oxidising agents, as 
diey decompose readily, liberating oxygen (ami ozone), 

2 Na./v.<), + 211.,(> 2Na,S( ) 4 + 2H,S( > 4 + (K 

lVrs\dj)huric acid (or peiv//sulphuric acid) is formed when 
pure hydrogen dioxide is carefully added to sulphur trioxide 
[ 11. 2S( > ;l > K ), (faro’s aeid being produced ns an 

intermediate product. 

Permoz/fisulphuric acid (Tain’s aeid) is a monobasic acid, 

„ , . . ( »v L( 0 -11 

the constitution ;S*,, ,. .. .. 

()/ ' v t —’ i * — 11. 
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It is formed when pure sulphuric add is treated with pure 
hydrogen peroxide, 

n 2 st > 4 +11,< >, -11 ,,s<>_ + t r,o, 

I 

but is best prepared by adding pure hydrogen peroxide to 
well-coc*led chlorosulphonie acid ; it forms colourless crystals 
and melts at abhut 4f>\ A mixture made from sulphuric 
acid and a persulphat*, or a peroxide, is known as Caro's 
reagent , and is used as an oxidising agent. 


TmortULiMirmc Auin, II.,S.,(). 4 on . 

“ o J l 

The name, thiosnlpluiric arid, now given to an acid formerly 
called hyposulphurous acid, signifies sulphur sulphuric acid 
(Greek, tludun — sulphur), and was chosen because theoretically 
thiosulphuric acid is derived from sulphuric acid by displacing 
one atom of oxygen by one atom of sulphur. 

The sodium salt of this acid is formed when a solution of 
sodium sulphite is boiled, with excess of sulphur, just as 
sodium sulphate is produced when the sulphite is exposed 
to oxygen, 

Nu ,Sl > ;{ + S -- Nil ,S„< > 3 ; 


when the filtered solution is concentrated and cooled, hydrated 
sodium thiosulphate, NuAy).,, fdlj ), is deposited in crystals. 

Sodium thiosulphate is also formed when sulphur dioxide 
is passed into a solution of sodium sulphide, and when a 
solution of sodium polysulphide is exposed to the air. In 
the former ease sodium sulphite and hydrogen sulphide are 
first formed, 


NiijjS + 11 ,ft< > s =.- Na,SO* + H.,S, 


and the hydrogen sulphide is then decomposed hy more 
sulphur dioxide, giving water and sulphur; the thiosulphate 
is then produced by the reaction given above. When sodium 
polysulphide is exposed # to the. air, the final results may be 
expressed by the equation, 

SNn^ J ,- ¥0., -- VNd ) 3 + 6 & 
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Sodium thiosulphate is very readily soluble ill hot water, 
and its aqueous solutions show the phenomenon of super¬ 
saturation (p. 312) in a striking manner. A hot, nearly 
saturated solution which has been cooled to ordinary tempera¬ 
tures, the usual |>recautions having been taken, immediately 
begins to crystallise when it is seeded, ‘and the process 
continues until most of the solution is changed into a mass 
of the hydrated salt. 

Solutions of sodium thiosulphate and of iodine react very 
readily, with formation of sodium iodide and sodium tetra- 
thionate (p. 498), 

2Na 2 S 2 O s 4- I 2 - 2NaT + Na 2 S 4 0 6 . 

This reaction is an important one, as it is used in the labora¬ 
tory for estimating the quantity of iodine in a solution. 

For this purpose a simuhird solution of sodium thiosulphate 

N 

(a yQ solution contains ^ gram-molecule per litre, because 

1 molecule Na 2 S 2 0 8 = 1 atom of iodine) is run from a burette 

into the solution of iodine, which has been previously mixed 
with a little starch solution ; the end point is reached 
when the deep-blue colour of the solution (p. 415) just 
disappears. 

Many of those substances which oxidise hydrogen iodide 
(p. 423) may be estimated with the aid of thiosulphate ; 
thus the percentage of chlorine in a sample of chlorine water 
may be determined by adding a weighed or measured quantity 
of the liquid to a solution of e.xcess of potassium iodide, and 
then estimating the liberated iodine as described above. 

The quantity of manganese dioxide, lead dioxide, red-lead, 
potassium chromate, potassium dichromate, &e. in samples 
of the impure materials may also he. estimated with the aid 
of sodium thiosulphate. The sample is heated with excess 
of hydrochloric acid, and the evolved ’chlorine is passed into 
a solution of potassium iodide ; if the sample is soluble in 
water, it is merely added to excess of an acidified solution of. 

In rg. 2 P 
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potassium iodide. The liberated iodine is then titrated with 
sodium thiosulphate. 

The action of chlorine (and of bromine) on a solution of 
sodium thiosulphate is very different from that of iodine, and 
may he expressed by the equation, 


Na (J S 2 0 3 + 4C1, 4- 5H a 0 - 2NaI fS( >, + SlICl. 


Sodium thiosul[>hate is used as an ‘.mtirhlor’ (p. 482) for 
removing ‘chlorine.’ from bleached iabides. 

Solutions of sodium thiosulphate, give with silver chloride, 
bromide, or iodide the soluble salt, sodium silver thiosulphate, 
and the sodium salt of the halogen acid, 


N + AgC-l - NaAgSA J 3 + NaCl. 


Owing to this fact sodium thiosulphate is used in photo¬ 
graphy (under the name of ‘hypo’) in the fixing process, that 
is to say, in dissolving the unchanged silver halide and leaving 
the insoluble substance which has been formed from it by the 
action of light. 

When an acid is added to a solution of any thiosulphate, 
sulphur dioxide is evolved, ami after a short time a pre¬ 
cipitate of sulphur is formed, localise when tliiosulphuric 
acid is liberated from its salts it undergoes decomposition 
spontaneously, 

iWV ro 2 +r + h 2 o. 


This behaviour serves for the. detection of thiosulphates. 

Potassium thiosulphate resembles the sodium '-alt. 
Barium thiosulphate, BaS./) 3 , is only sparingly soluble in. 
water. 


Thiovie Acids .—Tetrathionic acid, IfO SI t/H'S'Sf >.,< >11, is ob¬ 
tained in the form of its sodium salt when sodium thiosulphate Is 
treated with iodine in aqueous solution (see above), the barium 
salt, prepared in a similai manner fiom barium thiosulphate, may 
he obtained free from barium iodide, by fractional crystallisation 
from aq i<*ons alcohol, and from this salt a solution of tetra¬ 
thionic acid may then lie produced (footnote, p. 483). Tetrathionic 
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acid is a colourless liquid; it easily decomposes, giving sulphuiie. 
md sulphurous acids, together with sulphur. 

Nevoial other ‘lliumic’ acids arc known in the form of their 
sails. Dithionic acid, foi example, is obtained, as man¬ 

ganese dithionate, by passing sul]>lmr dioxide into water which 
>ntains hydrated manganese dioxide (p 410) in suspension. The 
reaction is doubtless a complex one, and the formation of the 
nangaiiese dithionate is probably the result of a reduction of 
nanganic sulphate, ;is shown by the paitial equation, 

Mn>(S() 4 ) : ,- MnS s O« -MnSO ; ,4 30 

Manganese dithionate is also formed in small quantities when 
potassium permanganate i* reduced with sulphurous acid in ihe 
cold. 

Selenium, Sc.,(fy, at. wt, 79 2, occurs in very small quantities 
in some samples of native sulphur, and also (in the place of 
mlphiir) in some samples of iron py lit os. It was discovered 
>y iler/eluis in a deposit Irom some sulphuric acid chambers, 
and is known in two oi three allot,ropie forms. t.)ne of these 
is a red amorphous solid (sp. gr 4'2b) obtained lr\ reducing 
a mid solution of solenious acid with sulphurous acid; this 
form is soluble in carbon disulphide (from which it separates 
in rod crystals), but when it is heated at about 120° it is 
quickly transformed into a gray crystalline modification 
(metallic ‘•elenium) of sp. gr. 1'8, which is insoluble in 
carbon disulphide. Metallic s< hmium melts at 217°; it is 
a conductor of electricuv, and its conductivity is greater in 
the light than m the dark. 

Hydrogen selenide, II., Se, is obtained as a gas when ferrous 
sclenide. is treated with concentrated hydrochloric acid; it 
is very similar to hydrogen sulphide, but is more readily 
soluble in writer and has a moie offensive smell than the 
sulphide. 

Selenium dioxide, KeO.,, is formed when selenium is burnt 
in the air ; it is crystalline, sublimes when heated, and com¬ 
bines with water to form selonions acid. 

Selenious acid, 1 hKoO.^ is crystalline; it is easily reduced 
to selenium in aqueous solution, and is oxidised by chloripe 
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or bromine, giving selenic acid, H.,Se0 4 (in.p. 58°). When 
selenie acid is heated with hydrochloric acid it is reduced to 
selenious acjd, and when heated alone it is decomposed into 
water, oxygen, and selenium dioxide. The anhydride , SeO a , 
is unknown. 

Tellurium, To.,, lit. wt. 127 0 , occurs in the free state, and 
in combination with gold and silver; it was discovered by 
Muller von Keiclieiistein, and is known in an amorphous and 
in a crystalline modification. The former, a black powder of 
sp. gr. 6 - 0, is obtained by reducing tellurious acid with 
sulphurous acid ; the latter, a silvery substance of sp. gr. 
(i'2 and nip. 452, is obtained by melting tile amorphous 
modification and llien cooling the liquid. 

Hydrogen telluride, JI./Te, tellurium dioxide, To(and 
tellurious acid, ll J Te<) ;J , maybe prepared by methods similar 
to those used in obtaining the corresponding selenium com¬ 
pounds, which they resemble respectively in properties. 

Telluric acid, TL/lVt ) 4 , is obtained in the form of its potassium 
salt by fusing tellurium or its dioxide with potassium nitrate. 
The anhydride, To<).,, is obtained as a yellow solid by heating 
the acid ; it is insoluble in water. 


The Relationship of the Elements of the Oxyokn 

Sum-family. 


In this suli-family, which comprises oxygen, sulphur, 
selenium, and tellurium, the relationship is on the whole 
similar to that in the halogen sub family. 

The physical properties show a gradual change with increas¬ 
ing atomic weight, as indicated by the following data: 


M.p. 
Ik p. 


Oxvir*ni. 
-230° 
- 181“ 


Sulphur. 
+ 114" 
+ 448" 


SHmmim. 

1-217° 

4 «8(f 


Tnllurium. 

+ 452° 
red heat. 


With regard t.-» chemical properties, the matter is to 
some exbii'L confused by the fact that the more important 
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compounds of sulphur, selenium, and tellurium are those 
which they form with oxygen, and which therefore cannot 
he compared with any corresponding derivatives of that 
element. 

Oxygen, indeed, in some respects, occupies a unique 
position in the sub-family, and its properties differ from those 
of the other mem hers, just as'those of fhioiine differ from 
those of the other three halogens. Thus the hydride of 
oxygen, ll a <), is u liquid at ordinary temperatures (p. 467) 
and is not acidic, whereas hydrogen sulphide is a gas and 
has distinctly acid properties. Nevertheless the relation¬ 
ship between oxygen and sulphur is clearly shown by the 
fact that with nearlv all the metals these two elements 
yield compounds of the same typo, while corresponding 
oxides and sulphides arc on the whole very similar in pro¬ 
perties. The relationship is even mor' strikingly illustrated 
by a comparison of some of the moie complex derivatives 
of these two elements, as, for example, the arsenit.es and 
thioarseniles, the arsenates and thioarsenates (p. 567), and 
so on. 


The relationship between sulphur, selenium, and tellurium 
is perhaps even closer than that between oxygen and sulphur. 
These, three elements form eompounds of the same type, and 
in any set of corresponding compounds, while the chemical 
properties are very much the same, both the physical and 
the chemical properties show a graded change in passing from 
sulphur to tellurium. Thus all three elements combine with 
hydrogen to form compounds in which they are bivalent. 
These hydrides am all gaseous and show acidic properties, 
which become weaker as the molecular weight increases. The 
oxides of 1 he type XO.,, in which the elements are quadri¬ 
valent, are all anhydrides from which the corresponding 
dibasic acids, H.,X(> 3 , are derived; the latter become less 
acidic with increasing molecular weight, and in fact the oxide 
TeO s may even act as a basic oxide towards strong acids. 
The acids of the type lI a X0 4 , in which tiie elements are sex- 
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valent (p. 49.1), are also similar in properties, but telluric acid 
is a very weak acid. 

Corresponding solid compounds of these three elements are 
gene rally isomorphous. 


CHAPTER L. 

Chromium and its Compounds. 

Chromium, Or;* At. Wt. 52*1. 

The niei'il chromium, which is related, although distantly, 
In oxygen and sulphur, is found in nature in the form of 
chrome imn *f<me or chromite, a gray, very hard mineral, 
which is ilie principal source of chromium and all its com 
pounds. 

The metal may he obtained hy reducing chromium sesqui- 
oxide (]i. 5 L1) with aluminium as described in the preparation of 
manganese hy ( Goldschmidt’s process (p. 41.“3). ]>y using a slight 
excess of the oxide, chromium is obtained free from aluminium 
as a Lard, very lustrous, silvery-gray solid, of sp. gr. about 
(r9, which melts only at the temperature of the electric 
furnace; it dissolves chemically in hot hydrochloric acid, 
liberating hydrogen and giving a green solution of chromic 
chloride. 

Chrome iron stone consists principally of ferroun chromite, 
FefCrOg)^ or Fo(), GUjO,, and is used on the large scale for 
the preparation of potassium diehrom.ite, Tor this purpose 
the finely ground ore is mixed with a suitable quantity of 
potassium carbonate, and the mixture is heated in a reverbera¬ 
tory furnace (p. 587) thinugh which there passes a continuous 
stream of air. At the end <>f «omc hours the yellow product 
is cooled and treated with water; the aqueous solution thus 
obtained contains the ,srdt, potassium chnnnote, K„CrU 4t 
vbilo an insoluble deposit of ferric oxide remains. 

1 Tut- molecular formula of eltromium is not known. 
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The reactions which occur in these operations arc sum¬ 
marised in the equation, 


4O a 0 3 ,Fe0 + 8K/X), + 70 2 = 8K 2 Cr(> 4 + 8CO, + 2Fe 2 0 8 . 


The priiiciplos of the process are, (a) the ferrous chromite is 
transformed into potassium-chromic*. 


Fe(Ci(+ KoCOo -- 2KCr(>, + F.-O + CO,, 


and (/;) the potassium chromite is converted by atmospheric 
oxidation in presence of ill kali into potassium chromate, 


4 KCrO, + 2 K,C< > s + 'M ), - 4K 2 Cr(J, + 2C0 2 


At the same time the ferrous is oxidised to funic oxide. 

Tlie solution of the chromate is next treated with sulphuric 
acid, whereby the chromate is converted into the more 
sparingly soluble diehromate, 


2K,(h(), +11,S( ) 4 - K,Cr 2 0 7 + K 2 S<) 4 + H 2 0. 

The liquid is then evaporated, and the pohoisinm diehromate, 
which separates from the solution on cooling (leaving potassium 
sulphate in the mother-liquor), is purified by recrystallisation 
from hot water. 

Sodium chromate is generally manufactured instead of the 
potassium salt, because sodium carbonate is very much cheaper 
than potassium carbonate. 

The warm concndratxd solution of the sodium chromate is 
then treated with sulphuric acid ; in this case sodium sulphate 
is precipitated, and the more readily soluble sodium diehromate 
does not crystallise out until the solution has been further 
concentrated and then cooled 

The sodium diehromate is then transformed into the potas¬ 
sium salt by tieating it with commercial potassium chloride*, 
(p. G7(i) in hot. concentrated aqueous solution. On the solution 
Wing cooled, the reversible reaction, 

Na./V L + 2K01 ^ l\,Cr,(K +2NaCl, 

proceeds from left to right, liecanse, as the potassium di- 
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chromate is only sparingly soluble, the solution is saturated 
with it, and it is precipitated in crystals. 

It is also very advantageous to add some quicklime before 
heating tho mixture of chrome iron stone and alkali carbonate, 
because tho latter melts at tho high temperature employed, 
whereas quicklime does not ; the mixture is thus rendered 
more porous, and in consequence the absorption of atmo¬ 
spheric oxygen is more rapid. When calcium oxide is em¬ 
ployed it is finally converted into calcium carbonate, which 
remains with the insoluble ferric oxide, but some calcium 
chromate may be present in solution; in such eases the 
solution is boiled with sodium carbonate in order to form 
sodium chromate and insoluble, calcium carbonate. 

Potassium dichromate, K_,Cr/) 7 , is a red crystalline salt, 
and is much more, soluble in hot than in cold water (its 
solubility is 8 at 10°, about 96 at 10CP), so that it is easily 
recrystallised and obtained in a pure condition ; this is one cf 
the reasons why it is made the starting-point in the pre¬ 
paration of chromium compounds. It is a salt of dichromic 
acid, H 2 Cr 2 0 7 , a substance which is derived from chromic 
acid, II.,o6 4 , 

2II 2 <Jr< ) 4 = Ii 2 Cr/) 7 + H 2 0. 

In the conversion of the chromate into the dichromate by 
the action of sulphuric acid (or other acids), it may he sup¬ 
posed that potassium hydrogen chromate is first formed, just 
as potassium hydrogen sulphate is produced from normal 
potassium sulphate, 

2K 2 (>0 4 + H 2 S(> 4 = 2KHCr0 4 + K s S0 4 , 

and that two molecules of this salt then immediately combine 
together, with elimination of one molecule of water,* 

2KH0(> 4 - K 2 0 2 0 7 + II/). 

When a concentrated aqueous solution of potassium di- 
chromate is carefully mjxed with a suitable quantity of con- 

* Hence the conversion of a chromate into n dichromate is not a pfooess 
of oxidotior : both acids are deriveddfroiu the anhydride, Cr< )* 
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centrated sulphuric acid and the solution is cooled, long 
dark-red crystals of chromic anhydride, CrO.„ are deposited, 

K 2 Cr 2 0 7 + 2TI S K0 4 - 2(>()., + 2KIIS( ) 4 +11,0. 


The crystals may lie. separated by filtration through glass-wool, 
washed with nitric', acid, and dried on unglazed earthenware. 

Chromic anhydride is readily soluble in’water, giving a 
solution of chromic acid (or of dichromic acid), just as 
sulphuric anhydride gives sulphuric acid, but the acid is 
unstable. The anhydride decomposes at about 250°, giving 
oxygen and chromium sesquioxide, 400.,- 20/).,+ 30*; 
it is a very vigorous oxidising agent, and attacks paper, 
alcohol, and many other compounds. 

A solution of chromic acid is also a vigorous oxidising 
agent, and as such a solution is obtained when potassium 
chromate or potassium dichromate is mixed with sulphuric 
acid, both these salts, hut especially the latter, are used lor 
oxidising purposes. 

In all such lead ions the chromic acid undergoes reduction, 
with formation of oxygen and chromic hydroxide, as repre¬ 
sented in the partial equation, 


2IUX > 4 + H./) - 30 + 2Cr(( >H ), 


3 > 


but both these primary products immediately undergo change; 
the oxygen oxidises the reducing agent, present, and the 
chromium hydroxide, which is a basic hydroxide, forms the 
corresponding sulphate with the sulphuric acid contained ill 
the solution, 


20r(< >H) ; , + 311*80* = Cr,(S0 4 ) ;i + GTI,< >. 


During these changes, which generally take place rapidly at 
ordinary temperatures, the. colour of the solution passes from 
a reddish-yellow to a clear green if all the chromic acid is 
reduced; if not, the solution has a dark givenish-brown 
colour. 9 

As examples of substances which are oxidised by chromic 
acid or by potassium dichromate (or chromate) in presence 
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of sulphuric aeitl, sulphurous acid, hydrochloric acid, hydrogen 
sulphide, and ferrous sulphate may be taken. 

In the first case Ihe iinul results are expressed by the 


equation,* 

l\.,Cr,( b + 11,S< ) 4 4 31l,S< ij , K 2 S(), + Cr_,(N< ),)„ + 111,0, 


and the intermediate stages may be represented as follows, 


K ,<>,( b + I I,S< ijtll/l K,S( >, + 211,1 ’r< > 4 
2IL.Crt >, + 1 f,< > -- 3< > + 2Cr(l >H) 3 
3U“sO t -i :io“-3]I.,S0 4 * 

2Cr(t >11), ■» ‘3IIpS( >~ ~ Cr,(*SO,;., + 


Hence one, moirrnb- nt potassium diehromate gives flin’d 
al(>t/ts of oxygen, wlneli are available for the oxidation «»f the 
reducing agent ; as, m presence of sulphuric acid, two mole¬ 
cules ol a chromate give one molecule of a dichromate (set* 
p. 504), tiro violent hr of potassium chromate also yield Hired 
atuwr of available oxygen. 

In the oxidation of hydrochloric acid, the reaction only 
takes place readily on heating the substances together in 
concentrated solution, and is expressed by the equation, 


K/T/b-f miCl-iiKCl +2Cr( , l, + :iCJ, + 71I/>. 


The chlorine which is liberated is equivalent to the available 
oxygen, and chromium chloride is formed by the interaction 
of the acid and the basic Indioxide, >11),. 

Chlorine may be, prepared by beating concentrated hydro¬ 
chloric acid with coarsely powdered potassium dicliromate, 
which also oxidises liydrobromie and bydnodic acids very 



* It should hi* uliat rvcil that in the abnv* leaction three out of the, four 
molecules of sulphuric acid which arts required for the formation of the 
metallic sulphates an for dm <1 hy tin* oxidation of th*. sulphurous acid 

t Pure potassium dicliromate in ofU.n used in standardising solutions of 
sod.um thiosulphate (p, 41K»). When rt is added tn a solution containing 
excess of pota/dum iodide and -ulpiiiinc acid, it oxidises tin* hydrogen 
iodide in the solution, and the lattei may then he titrated with sodium 
thiosulphate. The ipiantit^' of iodine which has been liberated hy the 
brown weight of diclu ornate (K v ( Jr a t >* - .'51 s ) being known, the strength of 
th< thins lohate solution may he calculated. 
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When hydrofoil sulphide is passed through .‘m acidified 
solution of potassium dichromate (as is sometimes done in 
qualitative analysis) the solution ultimately turns ^reen, and • 
sulphur separates as a line, pale-yellow powder,* 


lv.OJ> 7 + 8I1(U + IhSH,2KT1 4 - 2(>C1 S + 3S 4 - 711,0. 

fcs _ i 

The action of ferrous sulphate on an acidified solution of 
potassium dichromate is expressd thus, 


K/Jr/) 7 4- < 11.,S(), 4 - liFeSC) 4 - 

K,S( ) 4 -h (>.,(«< ), 4- ‘51* e ,(S() 4 - 7 UJ ), 


because, as already shown (p. i>nc» atom of oxygen oxidises 

two molecules of ferrous sulphate.f 

Potassium diehromate is decomposed when it is strongly 
heated with concentrated sulphuric acid ; the chromic anhy¬ 
dride which is Jirst produced undergoes the decomposition 
mentioned above, and the chromium sesquioxidt* is then con¬ 
verted into sulphate, 


2K .,CvJ ) 7 + S1I.,S< ) x = 2K,S< > 4 + 2t V.,(S0 4 ) ; . 4 - bU, 4 8ll,( ) 


This reaction is sometinms used for tin* preparation of 
oxygen. Potassium dichromate uUo gives oxygen, together 
with jiotassium ehromate and chromium sesquioxide, when it 
is heated alone. 


1 K.,Cr.j( ) 7 llv.d V >, 4- 2Ci ,t). { 4- -b 


* Tliu sepai ;i tjun of tin.- precipitate by filtration generally give." trouble; 
for this reason, when a chromate or dichromate is kuow'ii to be juv.sulit in 
the mixture to be analysed, sulphurous acid is added to the acid solution 
until the colour changes to gieoii (or reduction is complete), and the 
solution is then boiled until free from suljdiurous acid. If the addition of 
suljdiurous acid produces a precipitate, owing to the formation of some 
insoluble stiljdiati, the dichromate is reduced with hydrochloric acid 
instead. 

f Tlie ijnautity of a ferrous salt in a solution may he determined hy 
titration with a standard solution of potassium dielnornate instead of 
potassium j>ermang.uiate (j>. 4. r >.'?), and tin* ppjpess is used when the solu¬ 
tion contains chlorides, because dilute hydrochloric acid reduces per¬ 
manganates hut does not reduce .dichromates. A sjiecial indicator 
(potassium fonicyanide, p. 70* r ») is required in this titration. 
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Potassium dichromate (or sodium dichromate) is used as 
an oxidising agent in tin 1 , colour industry ; it is also employed 
in dyeing, in electric batteries, in preparing other chromium 
compounds, and in making curium prints. 

The only other dicliromat.es of any importance are sodium 
dichromate, a red, crystalline, readily soluble, hygroscopic 
salt, and ammonium diehvomate (p. 516). 

Chromyl chloride, CrU.Ch, distils and condenses to a dark- 
red liquid (very like bromine) when a mixture of potassium 
dichromate and a chloride is heated with concentrated sul¬ 
phuric acid, 

Cr<\ + 2HOI ( Y< ),CI, + US). 


It is decomposed by water, giving hydrochloric and chromic 
acids, and is therefore an acid chloride, corresponding with 
sulphuryl chloride (p. 492). 

liromides and iodides treated in the above manner do not 
give rise to volatile chromyl compounds, and the free halogens, 
produced bv the oxidation of the halogen acids, distil over. 
Hence a chloride may be detected in presci.cc of a bromide 
or an iodide, or both, by distilling the mixture with dicliruinate 
and sulphuric acid, boiling the distillate with water to decom¬ 
pose the chromyl chloride and to expel the free halogens, and 
then testing the remaining solution for chromic acid. 


Chromates. 


Chromates ore obtained from chrome iron ore as already 
described; also when chromium sesquioxide (p. 511) is 
fused with an alkali hydroxide or alkali carbonate and some, 
oxidising agent such us potassium nitrate or chlorate ; also 
when this oxide, is heated with sodium peroxide (p. (>71), 


Cr/ )„ + 3Xa 8 0 4 = 2Na a Cr0 4 + Xa /), 

or when an aqueous Solution of a chromium salt, such as 
ohroni. .i sulphate, is tieated with sodium peroxide. Ill the 
last case the salt is decomposed by the sodium hydroxide, 



CHROMIUM AND jL'itf COMPOUNDS. 


509 


which is formed from the peroxide, and the chromic hydroxide 
thus produced is then oxidised. 

Chromates are also formed when dichromatea are treated 
with basic hydroxides, the rml colour of the dichromate giving 
place to the yallow colour of the chromate, 

K a Cr a < ) 7 + 2KOH = 2K y CrC) 4 + H/). 

Insoluble chromates are also formed when a solution of a 
dfehromate (or, of course, of a soluble chromate) is treated 
with solutions of certain metallic salts; thus on a solution 
of barium chloride being added to a solution of potassium 
(licliromate, barium chromate (and not the dichromate) is 
precipitated, 


K,0.,0 7 + 2Bu(;i, + H„(> =- 2BaCrO. + 2KC1 + 2HC1. 

Potassium chromate, K 2 Crt> 4 , is a lemon-yellow*, crystal¬ 
line, anhydrous salt, readily soluhlc in water; it melts at a 
high temperature, but does not decompose. As it is converted 1 
into dichromate by acids, it gives in acid solution the reactions 
of the dichromate; in neutral solution, potassium chromate 
is reduced by hydrogen sulphide, 


2K./X ) 4 + 311*8 + 211/) = 4 KOlI + 2Cr(OH) y + 3S. 


Silver chromate, AgX-rt > 4 , is obtained as a dark-red pre¬ 
cipitate when an aqueous solution of a chromate or of a 
dichromate (see above) is treated with a solution of silver 
nitrate; it dissolves chemically in nitric acid, giving silver 
nitrate and chromic aeul. 

Barium chromate, l»aCr0 4 , prepared by precipitation 
(see above), is a pale-yellow solid, insoluble in water and 
in acetic acid, but it dissolves chemically in hydrochloric 
acid. 


Lead chromate, PbCr0 4 , occurs in nature as a yellow 
mineral {crocoixite), and is obtained as a pale-yellow pre¬ 
cipitate on solutions of potassium elm mate and lead acetate* 
being mixed (p. 279). It is insoluble in water, and is used as 
a paint (Chrome yellow). It melts at high temperatures without 
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decomposing, 1 »ut, in presence of roil tiding agents, such ns 
carbon compounds, it acts as an oxidising agent at high 
temperatures, and is converted into load oxide and (rail, 
chromite, Pb(Crl or PbO, (Jr. : <)„ with Joss of oxygen 


Chromium Salts. 


The green solution obtained by ihe reduction of potassium 
dichmmate with sulphurous acid in presence of sulphuric 
acid contains molecular proportions of potassium sulphate, uiul 
chromium sulphate (p. o0(>), and when concentrated and 
left for some time, it deposits dark bluish-violet octahedral 
crystals of chrome alum, K.,S() p (>.,(80^, 2-11 T,0; this 
double salt (p. .‘122) dissolve* m water, yd vino a violet solu¬ 
tion which turn* green wlnm it i* boiled owing to tin* occur¬ 
rence of hydrolysis, and the. consequent production of green 
basic salts. 

Basic Salts. — When the normal salt derived from a 

dihydric or polyhvdric basic hydroxide (that, is to say, from 

a basic hydroxide which contains two or more hydroxyl- 

groups in its molecule) undergoes hydrolysis, one or more 

of the acid radicles may he displaced by hydroxyl-groups. 

The products thus formed are called basic wilts so long as 

they still contain one. or more, acid radicles Thus the com- 
«< 

pounds HiCKOH)., and ]>i()Cl, which are, formed by tlio 
hydrolysis of normal bismuth chloride (p. 2G1), are basic 
salts, and a compound such as Cr,(S( > 4 ) 2 (01l).„ formed by 
the hydrolysis of noiiual chromic sulphate, 


0 ,( 80 ^ + 211,0 


0j\,(K< ) 4 ),(Ol[;, + II,SO„ 


would also be a basic salt. 

Tin 1 , composition of a basic salt depends very much on the 
conditions under which it has been prepared, because the 
extent of the hydrolysis of a normal salt, like all reversible 
reactions, depends on the relative concentrations of the react¬ 
ing s,.bstanccs. For this reason many basic salts are, probably 
mixtures, and the formulae given to them may he regarded as 
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expressing their compositions only approximately. Jn tnauy| 
eases the composition of a basic salt is represented by a formula 
such as CuCOjj, (Ju(< >‘11).,, or 21M>( 5<>.., J ) b(01I)., ; suc^ iormuke 
do not necessarih imply that the sails are mere mixtures of 
normal salt and basic. hydroxide, but are used because the 
precise Tin tine of tin basic salt is not known.’ 

As the formation of a basic salt is a reversible reaction, 
when a basic salt is treated with a concentrated solution of 
ail acid it gives a noimal salt and water, and thus shows the 
behaviour ni a basic hydroxide as well as that of a salt. 

Chromic hydroxide, 0(011).., is obtained in a hydrated 
form, as a pale-blue precipitate, when an alkali hydroxide is 
added to the above solution of chrome alum, or to a solution 
of any chromic salt, 

0,(S0 4 ), + f>XH 4 (OlI) - 2Cr(< >11), + 3(i\II 4 ),SO r 

It is insoluble in water, but it is essentially a basic 
hyd roxide and dissolves chemically in acids, forming chromic 
salts. 

It acts, however, as ail acid towards many basic hydroxides, 
thus with potassium or sodium hydroxide it forms soluble 
chromites, which, like chrome iron stone, may be regarded as 
derivatives of eft romans arid , HCrO.,. The soluble chromite? 
are. hydrolysed when their solutions are boiled and a greenish 
precipitate of chromic hydroxide \s formed. 

Chromium sesquioxide, Or is formed when (carefully 
washed) chromic hydroxide is heated gently, and also when 
chromic anhydride is heated (p. f>Of>). Although a basic 
oxide, it is insoluble, in acids. 


A hydrated variety of chromium sesquioxide, obtained by heating 
a mixture of potassium, dichronnite and boric acid (p. 007), and 
then extracting t he soluble matter with water, is lists 1 as a pigment 
under the name of Gniynet's green. 

The chromic salts, such as chromV sulphate, correspond 


* As tlm name ‘chromic trioxidc,' given sometimes to OrOj, is rather 
qinbiguous, it is better to keep to the names used above. 
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pith the oxide CrA)., an<l the hydroxide 0(011).,. Chromic 
sulphate, Cr.,(S0 4 ). t , prepared hy dissolving the hydroxide. m 
sulphuric acid, forms reddish violet crystals and is soluble 
in water, giving a violet solution, which turns green when it 
is heated (}>. i)10). 

Chromic chloride, CrCl. { , is probably formed when the 
hydroxide is dissolved in concentrated hydrochloric acid, but 
on the solution being evaporated on a water-bath a basic salt, or 
oven chromic hydroxide, remains, owing to the occurrence of 
hydrolysis. Anhydrous chromic chloride volatilises when an 
intimate mixture of chromium sesquioxide and carbon is very 
strongly heated in a stream of chlorine in a porcelain tulie, 

CrjjOj, + 30 + 3C1 2 - 2CrCl 3 + 300. 

The product condenses on the cooler portions of the tube in 
beautiful peach-coloured crystals, which dissolve very slowly 
in boiling water, giving a green solution. This method of 
decomposing an oxide hy the combined action of carbon and 
chlorine is employed in the preparation of several other 
chlorides (p. 580); neither chlorine nor carbon alone acts on 
the oxide at the temperature used in this experiment (p. 310). 

Chromoua Compounds .—Chromium dissolves chemically in 
hot hydrochloric acid, hydrogen is rapidly evolved, and a 
green solution of chromic chloride is obtained ; when this 
solution is treated with zinc it turns blue, owing to the 
reduction of the chromic salt to chromous chloride, CrCh,. 

A yellow chromous hydroxide, 0(011).,, is also known. 

Chromium, like sulphur, is sexvalent in its highest salt- 
forming oxide, (Cr0 3 ), and the, acids derived from this 
anhydride, are of the same type and of the same sfrncfui’e as 
the corresponding derivatives of sulphur; for this reason the 
structural formulae of the chromates and dichromates have 
not been given. Except that the chromates arc isomorphous 
with the, corresponding* 1 sulphates (in consequence of their 
similarity in type), there is little in common between the two 
classes ot compounds, and the relationship between the metal 
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chromium and the non-metal sulphur is a very slight one. 
The relationship, in fact, is comparable to that between man¬ 
ganese and the halogens (p. 455), the position of chromium 
in the periodic system being altogether different from that 
of the oxygen sub-family; in harmony with its position, 
chromium forms a connecting link between vanadium and 
manganese. 


Molybdenum (Mo), tungsten or Avolfram (W), and uranium 
(U) are three elements related to chromium. Molybdenum 
occurs in nature as ntoh/hdeniff^ MoS 2 , and when this sulphide 
is heated in the air it gives molybdic anhydride, MoO r 
Ammonium molybdate, (XU 4 ) 2 Mi> 0 4 , is prepared by treating 
the ..nbydride with ammonium hydroxide ; its solution gives 
with nitric acid a crystalline precipitate of molybdic acid, 
which dissolves again on excess of diluted nitric acid being 
added. This solution, ‘ammonium nitromolybdute,’ is used 
as a reagent for phosphoric and arsenic acids (pp. 550, 558). 

Tungsten occurs as ferrous tungstate, F< \V(> 4 , from which 
sodium tungstate may he prepared by heating with sodium 
carbonate and then extracting the product with water. This 
salt is used as a mordant, and also for impregnating fabrics 
in order to render them less readily inflammable and com¬ 
bustible. Tungsten is sometimes added to steel, which it 
renders very hard ; tungsten, filaments arc used in electric 
lamps. 

Uranium occurs in pifrhhlrmb'; its compounds are used 
in making a yellowish-green fluorescent glass (uranium glass), 
and uranyl acetate is employed for the volumetric estima¬ 
tion of phoepjioric acid* Uranium forms compounds in which 
its valency varies from four (UC1 4 ) to eight (II0 4 ), and is 
also interesting as being the element of highest atomic weight; 
the nranyl salts are derived from the luirfroxitle U().,(( 
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CHAPTER LI 


The Nitrogen Family 

■Nmunncx, N,; At AYt. 1-10. 


Nitrogen, so named from its occurrence in nitre, is one oi 
the members of a family of elements -winch also includes 
phosphorus, arsenic, antimony, and bismuth. 

Although under most conditions nitrogen is very inert, and 
for this reason occurs iij nature in the free state, it forms 
very many coin pounds, some of which, namely, the uKunninoids 
and proteins , are essential components of animals and plants. 
These substances, as, for example, egg albumin (white-of- 
egg) and gluten (wheat albumin), contain carbon, nitrogen, 
oxygon, hydrogen, and sulphur. Such substances, and many 
other materials of a related character, are often referred to as 


‘nitrogenous oiganie matter.' 

In addition to these highly complex substances or mixtures, 
many relatively simple compounds of nitrogen are. known, as, 
for example, those which it forms with hydrogen, with oxygen, 
and With both these elements. The most important naturally 
occurring mineral compounds of nitrogen aie the nitrates of 
potassium and sodium (p. 241). 

As already stated (p. 02), the ‘atmospheric nitrogen ’ which 
remains when carbon dioxide and oxygen have been removed 
from dry air is not pur«- nitrogen, but for practical purposes 
the presence of argon and the other inert, giums (p. 081) is 
of no importance; consequently in most experiments atmo¬ 
spheric nitrogen is employed instead of the pure gas. 

In addition to the methods already given for its prepara¬ 
tion (pp. 90 92), nitrogen may he obtained by bubbling air 
through a concentrated*solution of ammonium hydroxide, and 
tin u passing the mixture of air and ammonia through a tube 
containing heated copper. The atmospheric oxygen is Jixed 
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by the copper, and the copper oxide thus formed oxidises 
the ammonia (p. 263), with formation of nitrogen, water, and 
copper, lienee, if excess of ammonia is used, $ie copper 
remains unchanged, and the process may be continued in¬ 
definitely. The escaping, gas is bubbled through dilute 
sulphuric acid to free it from ammonia, and the nitrogen, 
which is partly ‘atmospheric,' may then he collected in a 
gas-holder. 

Another method consists in binning a jet of hydrogen in 
a slow stream of air (lig. 10, p. 105), whereby most of the 
oxygen is removed, and then passing the atmospheric nitro¬ 
gen over heated copper to free it completely from oxygen. 
Another method is to suspend a hag of moistened iron filings 
in a large bottle (n) forming part of the apparatus shown in 
fig. 101 (p. 517). As the oxygen in the air contained in the 
bottle (a) is absorbed, water flows in from the reservoir (It). 
\Vln*n all the oxygen lias been removed, the nitrogen may be 
driven out by raising the reservoir (/») and opening a pinch- 
tap which ordinarily closes the tube (r). 

Nitrogen free from atmospheric gases may he prepared 
from nitric acid (p. 238), from oxides of nitrogen (pp. 214, 
260), and from ammonia (p. 263); also, and more con¬ 
veniently, by cautiously heating a solution of annuoniutn 
nitrite, a reaction which is comparable with that which occurs 
when nitrous oxide is prepared from ammonium nitrate 
(p. 270), 

NH 4 N<V X, + 2II./). 

As ammonium nitrite is not easily prepared, ammonium 
sulphate is added to a concentrated aqueous solution of 
sodium nitrite (p. 527), and the mixture is gently heated. 
The reversible reaction; 

2NhN< )o + (N11 4 ),S0 4 > 2NH 4 N0 2 + Na,S0 4 , 

then takes place, but as the ammonium nitrite decomposes 
the change proceeds continuously from loft to right 

In order to obtain pure nitrogen, the gas prepared by this 
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or oilier methods may be passed over strongly heated copper 
or iron in order to free it from oxides of nitrogen which may 
be present. The gas may then be dried with sulphuric acid 
or phosphorus pentoxido. 

Nitrogen is also obtained, but in an impure condition, when 
a mixture of potassium dieliroinate and ammonium chloride 
is heated ; the nmninnium <H chromate which is thus formed 
readily decomposes, 


(NH 4 ),Cr,() 7 - 0,0, + 111,0 + No. 


Nitrogen is also formed when a solution of bleaching powder 
is cautiously added to a boiling solution of excess of ammonium 
sulphate.* 

Nitrogen melts at —214°, and boils at —195°. When 
liquid air boils, the more volatile nitrogen passes away first, 
then the oxygen, and lastly the denser inert gases of the 
atmosphere. 

Nitrogen is not very easily identified or detected, but this 
may he done, after the other gases present are absorbed, 
by ‘sparking’ the sample with some oxygen in a eudiometer 
(p. 247), or by heating magnesium in the sample and then 
testing the product as described later (p. 517). 

Nitrogen combines directly with hydrogen when the two 
gases are ‘sparked ’ together. The decomposition of ammonia 
already studied (p. 264) is a reversible reaction, and equi¬ 
librium is reached when 98 per cent, of the ammonia is 
decomposed ; hut if a mixture of hydrogen (3 vols.) and 
nitrogen (1 vol.) is confined in a eudiometer over dilute 
sulphuric acid and sparked, the ammonia which is produced 
is absorbed, and consequently the .reaction proceeds slowly 
but continuously from left to right, 

3TI, + N 2 <—^2 NH r 

This is a very good illustration of the effect of concen¬ 
tration on the direction of a reversible reaction (p. 353). 


* Unless carf' in taken to keep the ammonium sulphate in large excels, 
explos.'u.i ruay occur owing to the formation of nitrogen trichloride (x>. 521), 
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Nitrogen combines directly not only with oxygen and with 
hydrogen but also with many other elements at very high 
temperatures. Soine of the compounds thus £ormed are 
termed nitrides. 


Magnesium nitride, is produced when the metal 

is heated in nitrogen at a temperature above 800°; the 
nitride is decomposed by boiling water, giving ammonia and 
magnesium hydroxide, 

Mg,N, + 611,0 -= 2NH : , + 3Mg(OH). 2 , 

so that the formation of tlie nitride is easily demonstrated. 



Fig. 104. 


In order to show the combination of nitrogen and mag¬ 
nesium, the dry gas is passed through the hard-glass tube 
(e, fig. 104), which contains a little powdered magnesium, until 
all the air is expelled. The tap (/) is then closed, and 
the magnesium is heated, first with a Bunsen-flame and 
then with an oxy-coal-gas blowpipe flame (p. 135). The 
escape of nitrogen from the pipette (owing to the expansion 
of the gas) soon ceases, and when the magnesium has 
reached a sufliciently high temperature the water begins to 
rise in the pipette, owing to the absorption of the gas by 
the magnesium. 

Nitrogen also combines with calcium to form calcium 
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nitride, Ca ;j N a , with aluminium to form aluminium nitride, 
AIN, ami wit.l» oilier metals. 

The Utilisation of Atmospheric Nilrotjen .—Although so 
large a proportion of the atmosphere consists of nitrogen, 
this gas is not directly absorbed by plants, and the whole 
of the nitrogen 1 essential to vegetable growth is taken up 
in a combined form through the roots of the plant. Some 
leguminous plants (peas, beans, clover, &c.) are provided 
with root 'nodules/ which contain certain 'nitrogen-fixing' 
bacteria capable of absorbing atmospheric nitrogen and con¬ 
verting it into nitrogenous compounds , such plants, therefore, 
need no nitrogenous manures; but others, when grown many 
years in succession on the same ground, gradually exhaust the 
soil, which must then he supplied with nitrates or ammonium 
salts if good crops are to he obtained. One method of 
avoiding the necessity for the direct application of nitro¬ 
genous manures is to ‘sow* the ground with preparations 
of the ‘ nitrogen-fixing' bacteria * obtained from leguminous 
plants, but hitherto the use of sodium nitrate or ammonium 
sulphate (p. 267) has given better results. 

Now the quantities of those substances which are available 
are not very largo, and consequently many attempts have 
been made to prepare nitrates and ammonium salts from 
atmospheric nitrogen. The production of nitrates from 
atmospheric nitrogen has already been referred to (p. 299), 
and the methods for the preparation of ammonium salts may 
now he briefly described. 

When nitrogen is passed over a mixture of carbon and 
potassium hydroxide which is at a white heat, a salt, potassium 
cyanide (p. 679), is formed, and when this compound is warmed 
with dilute sulphuiic acid it gives ammonium sulphate. These 
reactions, however, cannot lie satisfactorily earned out on the 
large scale. 

* The term * nitrifying' bacteria is not applied to those organisms which 
are ca pable of fixing atmospheric nitrogen, but only to those which bring 
atari the formation of nitrates from nitrogenous organic matter (p. 241 ). 
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When commercial calcium carbide, CaC 2 (p. 638), is healed 
tinder pressure in an atmosphere of pure nitrogen,* the gas is 
absorbed and calcium cyanamide is formed, 

(JiiC a + N 2 = CaN-CN + C. 

The product, a mixture of calcium cyanamide and carbon, 
is known commercially as Nil ml im or Kalhsticksloff ; when 
treated with water it slowly undergoes decomposition, giving 
linally calcium carbonate and ammonia, 

CaN-CN + Sligo = CaCU 8 + 2NH S . 

Nitrolim may he used directly as a manure, for whieh 
purpose it is applied before sowing or planting is done, or 
it may he first employed for the preparation of ammonium 
sulphate. 

Nitrolim is also used for the. manufacture of cyanides. 

Compounds of Nitrogen and Hvdrogen. 

Ammonia (p. 260) is formed in small quantities during the 
destructive distillation of horn, bone, cheese, gluten, and 
other nitrogenous organic matter (hence its presence in gas- 
liquor, p. 267); also, when such substances are heated 
with soda lime. In the latter case most of Ihe combined 
nitrogen in the material is converted iuto ammonia. It is 
also formed in small quantities during the putrefaction or 
decav of nitrogenous organic matter, also bv the reduction of 
nitric acid (p. 530) and other nitrogen compounds. 

Liquid ammonia boils at —34°. As the gas is easily 
liquefied by pressure alone, and the evaporation of the liquid 
is attended by absorption of heat, liquid ammonia is often 
used for refrigerating purposes. 

Minute traces of ammonia, or of ammonium salts, in aqueous 
solution—-as, for example, in natural waters contaminated with 
sewage—--may la* detected with (he aid of Xessler’s solution 

* The pure nitrogen required fot this purpose may lie obtained by 
liquefying air which has been freed from moisture and carbon dioxide, and 
then separating the oxygen and nitrogen by fractional distillation (p, 084). 
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(p. 633), which gives a distinct yellow colouration with a 
solution containing only 1 part of ammonia in 5,000,000 of 
water. 

The moVe important ammonium salts have been described 
(pj». 264-208), and it has been pointed out that all such 
salts may be regarded as derived from ammonium hydroxide, 
N1I 4 -011 (p. 266).* A compound of this composition has 
recently been obtained in the solid state-, but it is stable only 
at very low temperatures. 

It is a Ycry interesting fact that the univalent basic radicle, 
ammonium, (p. 266), may play the part of a single atom of 
sodium (or of one of the other univalent metals). Aot only 
does this radicle lake the place of hydrogen in acids, forming 
ammonium salts, hut these salts are often isomorphous with 
those of sodium, iVo. ; that is to say, the substitution of the 
radicle -NIT,— for the single atom Na —, K — , Ag- in a 
molecule may not change the structure of tin* crystals formed 
from these molecules. Potash alum and ammonium alum 
(or ammonia alum), for example, are isomorphous double salts 
(p. 295). The close relationship between certain ammonium 
salts and corresponding potassium salts is further illustrated 
in the case of the platinichloride.s and acid tartrates of 
ammonium and potassium (p. 678). 

In some respects, of course, ammonium salts differ widely 
from sodium salts. The former either sublime or lose 
ammonia and water (p. 549) when they are strongly heated. 
They are also completely decomposed when they are healed 
not only with sodium hydroxide, but with other basic 
hydroxides or basic oxides ; t this is due to the fact that 
ammonium hydroxide readily decomposes, giving volatile 

* The formula NH 4 OH orNH, OH is oft* n used instead of NHj(OII); 
all those formula; are intended to indicate that the molecule contains a 
hydroxyl-group, which, like the four hydrogen atoms, is directly united to 
the atom of nitrogen. 

flliis fact may he utilised in qualitative analysis in testing whether a 
ti v «n Hultetanco is a basic hydroxide or basic oxide ; for tlii* purpose the 
gub»tunae is heated with solid ammonium chloride. 
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products (ammonia and water), in consequence of which 
reactions such as, 

(NH 4 ) g «0 4 + 2NaOH -<—>■ Na 2 S0 4 + 2NII 4 piI, 

wliicli an? reversible in aqueous solution, proceed continuously 
from left to right when the solution is hoiled, or in absence 
of any appreciable quantity of water. 

Sodamide, NIFNa, is obtained ns a colourless solid when 
dry ammonia is passed over sodium which is heated at about 
350°; it is decomposed by water, giving ammonia and sodium 
hydroxide. 

Nitrogen chloride, NCt, separates as a heavy oil when chlorine 
is passed into a concentrated aqueous solution of ammonium 
chloride. It is a most dangerous explosive. 

A solution of nitrogen chloride in carbon tetrachloride is fairly 
stable, and may he obtained by canning out ihe above leaction in 
picscuce of the tetrachloride. The molecular formula of nitrogen 
chloride is not known : it may he C1 ;1 N : NCI n . 

Nitrogen iodide, H,,N : Nl „ is obtained as a black powder when 
an alcoholic solution of iodine is added to a solution of ammo¬ 
nium hydroxide. The dry substance is extremely explosive, 
and detonates violently even when rubbed with a feather; it also 
explodes violently when it is placed in boiling water. 

Hyiuioxylaminic, NH 2 - ()H. 

This compound, so named because it consists of a hydroxyl- 
group united to an nm/wo-group, - Nib,, maybe regarded as 
derived from ammonia hv the substitution of the. univalent 
— OH group for tin atom of hydrogen. Its aqueous solutions 
give with acids h ydro.ryhmti ne anlta, such as the hydrochloride, 
KH./OII, 11C1, and the mlphate (NlI 2 *OH) 2 , H 2 S<> 4 , so that 
hydroxylumine is a base, in aqueous solution. From the 
compositions of these salts it will he seen that the molecules 
of hydroxylumine and of acid unite directly, and this idea is 
expressed in the above formula?. 

These formulae, however, although generally used, are un¬ 
satisfactory, inasmuch as they do not bring out what is 
probably the fact—namely, that the nitrogen atom, which is 
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tervalent in hydroxylamine, is quinquevalenl in the hydroxyl- 
amine salts, as it is in the ammonium sails ; hydroxylamine, 
hydrochloride, for example, has probably the structure, 

IK 


II -N< 

TI ' 


(HI 
Cl ' 


It may be that hydroxylamine, like ammonia, combines 
with water to form a hydroxide, 1L( ) , .\H., , I >H. which then 
interacts with acids just as do other basic hydroxides, 


II(>\N T II 3 ‘( )1I + IIC1 - IIO'XII^Cl (or NlIo’OIT, IIC1) + H,0. 

Hydroxylamine is formed when hydroehloric acid, mixed 
with a little dilute nitric acid, is left in contact with tin, 
or when nitric oxide is passed through hydrochloric arid 
which is reacting with tin; in l>oth these eases the nascent 
hydrogen (p. .‘Ml; produced from the metal and the hydro¬ 
chloric acid reduces the nitrogen compound, 

HNO.+ 6H - XIT./OH -f 2H.X), 

2NO-f (iH = 2NH./()II, 

and the hydroxylamine thus formed combines with some of 
the hydrochloric acid to form hydroxylamine. hydrochloride, 
X1KOII, NCI. 

In this operation ammonia is also formed by a further 
reduction process, 

NH./( HI + 2H - MI S + N ,(\ 

so that the, solution rdso contains ammonium chloride. After 
hydrogen sulphide C passed through the solution, and the 
solution is filtered from the precipitated stannous sulphide, 

S.nClj, + SJI 2 — S 11 S f 2NC1, 

the liquid is evaporated to dryness, and the residue is ex¬ 
tracts! with alcohol, in which hydroxylamine hydrochloride 
is soluble, amnion-nm chloride insoluble. 


Hydroxyhiniine h be-? prepared, in the form of its sulphate, hy 
passing snlphur dioxide into a well-cooled concentrated solution of 
sodium ritrite (2 gram-molecules) and sodium carbonate (1 gram- 
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molecule) until the solution acquires an acid reaction. The solu¬ 
tion, which contains sodium hydroxylamine disulphonate, 

11 (> ■ N O + 2NaHSO,=II(J N(SO a Na) 2 -t H a O, 

is tlien treated with a few drops of sulphuric acid, and is kept at 
about 90° during forty-eight hours. The disulphonate is thus 
hydrolysed with formation of hydroxylamine and podium hydrogen 
sulphate, 

HO’N(K() 3 Na) 2 + 211./) — NIL/Oil + 2NaIJS0 4i 

which interact to form hydioxylamine sulphate and sodium sul¬ 
phate, 

2NU s *0II + 2NaHSU 4 = (NIL OII ) 2 , II.,SU 4 hNa*S0 4 . 

On the solution being evaporated, after neutralising with sodium 
carbonate, sodium sulphate is deposited first, and the crystals 
of hydroxylamine sulphate, obtained from the mothei-liquor, are 
purilie 1 hv ree.rystalligation from witter. 

An aqueous solution ol hydroxylamine is obtained when 
a solution of the hydrochloride (or sulphate) is treated with 
sodium hydroxide, and such a solution (which also contains 
a sodium salt) is generally used instead of a solution of tlm 
pure haso. Such a solution gives nitrogen and ammonia 
wdien it is hoiled, 

3NH./( »11 = .\, + N FI., + 3U 2 (), 

ami reduces solutions of copper salts (Foldings solution): 
giving finally a precipitate of cuprous oxide with lilieratiou 
of nitrous oxide, 

2NK/OH+ ICuO - 2Cu.,<) + N,0 + 311,0. 


Pure anhydrous hydroxylamine may he prepared by treating 
hydroxylamine hydrochloride with normal sodium phosphate 
in concentrated aqueous solution ; the sparingly soluble 
liydroxylamine phosphate which crystallises out is dried and 
then heated under greatly reduced pressure. The distillate, 
which consists of the impure liase, 


(NII./OH).,, H,P<V 3Xn.,nll a-Tf P(> 4 (residue), 

is purified by reerystallisution from alcohol at low temperatures. 
Hydroxylamine melts at 33°, and decomposes or explodes 
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wlii'ii heated under atmospheric pressure; it is readily soluble 
in water, giving a strom^ly alkaline solution. 

It is a monacal base, and forms normal salts such as 
the hydrochloride NHyOIl, 11(31, and sulphate (Nil,*()H) 2 , 
1I 2 S()j, which art* crystalline and readily soluble in water.* 
Ilydroxvlarnine is used as a reducing agent and in the study 
of organic (carbon) compounds. 


IIVIUIAZINE AND AZOIMIDE. 


Two simple compounds of nitrogen and hydrogen are 
known in addition to ammonia— namely, hydrazine and 
azoimide or hydrazoic acid, in these compounds, as in 
ammonia, the element nitrogiin seems to lie tervalcnt, as 
indicated in the following formulae, 


H \ / n 

i 

H 


I •■*-*<§ 



Ammonia Hydrazine Azoimide 

mid yet only two of the three substances are related to one 
another in properties. 

• uzine , like ammonia (and like hydroxylamine), gives 
aqueous solutions which have an alkaline reaction anil 
which yield salts with- acids. These salts may be regarded 
as having been formed from the hydroxide (hydrazonium 
hydroxide), 


NhLOH 


NII 3 C1 



1 + 

2IIC1 

= 1 

+ 

2H 2 0, 

NH 3 ()H 


NH S C1 



just as ammonium 

chloridt 

; is formed 

from 

ammonium 


hydroxide, although their compositions are generally ex¬ 
pressed by formula such as NJIj, 2JI Cl, or NH./NH 2 , 2HC1 


* It should be noted that |ilt« obtained by the combination of hydroxyl- 
amine and other derivatives of ammonia with the halogen acids are called 
//cfrochlorides, Ayt/z-ohromides, Ac., whereas salts with other acids are 
named in the usual manner. 
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for a reason similar to that given in the ease of the hydroxyl- 
amine salts (p. 521). In the hydrazine salts, therefore, the 
element nitrogen is quinquivalent. 

Auriniide or ht/dra::oic arid , as its name implies, is a com¬ 
pound of very different properties, and the hydrogen atom 
which it contains is displaceable by metals ;■ it shows the 
general behaviour of an acid. 

Hydrazine may be regarded as a simple derivative of 
ammonia; as ammonia in which an atom of hydrogen has 
been displaced by the univalent group - NH,. hi accordance 
with this view, these two compounds are similar in their 
general chemical behaviour. Thus thev both combine with 
water forming basic hydroxides, but whereas ammonium 
hydroxide is extremely unstable (p. 520), hydrazonium 
hydroxide (hydrazine hydrate), NIL'N 1I./OIT, may be iso¬ 
lated, and possibly the dihydroxide, 1I0NH 3 - NH 3 *0H, 
exists in aqueous solution. 

The salts which hvdraznic acid forms with ammonia and 

V 

with hydrazine respectively have the compositions N 3 'NH 4 
find N 3 H, Xollj respectively, so that altogether five com 
pounds of hydrogen and nitrogen are known. 

Hydrazine, Nil.,-NIL, is easily prepared by adding a 
solution of sodium hypochlorite to excess of a concentrated 
solution, of ammonium hydroxide, which contains about 
2 parts per 10,000 of ordinary joiner's glue.* The solution 
is boiled to expel unchanged ammonia, and, after having 
been concentrated, is mixed with sulphuric acid, whereon 
hydrazine sulphate, N 2 1I 4 , 1L»S(> 4 , separates ill crystals. 

When this salt is distilled with very concentrated 
potassium hydroxide, solution under reduced pressure, a 
solution of hydrazonium hydroxide (hydrazine hydrate) is 
obtained, and the hydroxide or hydrate, N.J1 4 , TLO, may 
then be isolated by fractional distillation as a coinm less liquid 
which distils and dissociates at about >19". Hydrazine may 

* In Absence of glne very little hydrazine is obtained, but the action of 
tike glue in not understood. 
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be prepared by distilling this hydroxide with barium oxide 
under reduced pressure. 

Hydrazine i.s a colourless fuming liquid, boiling at 114°. 
It combines with water to form the hydroxide, which acts 
either as a monacid or as a diacid base (p. 256). 

Hydrazine is a very vigorous ieducing agent. It pre¬ 
cipitates cuprous oxide from Folding’s solution (p. 656), 
and reduces amnioiiiaeal silver hydroxide (p. 661) to silver, 
being itself oxidised to nitrogen ; it is poisonous. 

Azoimide or hydrazoic acid, N :j ll, is obtained in the form 
of its sodium salt when nitrous oxide is passed over sodamide 
(p. 521) which is heated at about 200, 

-\\,0 + A’II,, Xa = XV.Na + II a <). 

The free acid may he obtained in aqueous solution by 
distilling the sodium salt with dilute sulphuric acid.* 

The solution is acid to litmus, acts on certain metals 
giving hydrogen, and with silver nitrate it yields insoluble 
silver azoimide, N.,Ag. This and some othei salts, as 
well as the anhydrous acid (a liquid boiling at 37 f ), are 
ext reuit'li/ e.f’ploiUiy . 

THE OXY-ACIDS OF NITROGEN. 

Xitkouh Acid, HXO a on () = N-<> — H, and its 

Derivatives. 

It has already been staled (p. 242) that the nitrates of 
sodium and potassium dill'er from most metallic nitrates in 
their behaviour at high temperatures, inasmuch as they are 
converted into the corresponding nitrile# when they are very 
strongly heated, 

2KN() 3 - 2K N () s + () 2 . 

In presence of lead, this decomposition takes place at lower 
temperatures (about, 90 O'), and in preparing sodium nitrite 

* A'sn hy treating hydrazine with nitrons acid in Aqueous solution, 
NjjII 4 +11 N<> 5 , = N.II * 2H,,0. 



THE NITROGEN FAMILY. 


527 


commercially, lend is added to the fused nitrate (Chili 
saltpetre;), 

NaNOj, + Tb = NaN0 2 + PbO. 

• 

The product is run into water, the solution (which contains 
sodium hydroxide in small quantities) is neutralised with 
mtiio acid, and after tin- insoluble haul oxide is separated, 
the liquid is evaporated and then allowed to crystallise. 
Potassium nitrite i.> prepared from nitre in a similar manner. 

Sodium nitrite, NaN<) 2 , and potassium nitrite, KX0 2 , 
are leudily soluble, m water. When an acid (hydrochloric, 
sulphuric, acetic, <ftc.) is added to their solutions, nitrous 
acid is liberated ; but if the solution is not very dilute most 
of the acid immediately decomposes into its anhydride and 

2HN’O a - N 2 0 ; , -t H.,0, 

and a brown gas is evolved (see below). Nitrous acid, like 
carbonic acid, exists only in rold dilute aqueous solution, and 
such a solution has u pale-blue colour. It liberates iodine 
from potassium iodide (p. -110), 

KI + HNO, KNO. + HI 

2111 + 211 N(). - 2N() + !,. + 2H 2 (); 

and in this reaction acts as an oxidising agent, being itself 
reduced to nitric oxide. Towards potassium permanganate, 
however, it acts as a reducing agent, and is converted into 
nitric acid, 

21vMn( >, + 3II..SO, + 5TINO., ---= 

K.,SO t + 2MnSU { + 5HN() ;j + 3TI,0. 

Nitrites are easily detected by their behaviour towards dilute 
acids. 

l*argu quantities of nitrites are used in the colour industry, 
anil nitrous acid is a very important reagent in the study of 
carbon compounds. •* 

Nitrous anhydride, N 2 O s , one of the live oxides of nitro¬ 
gen (p. 270), is not a very stable compound at ordinary 
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temperatures. It is obtained ns a given liquid when sodium 
or potassium nitrite, is treated with dilute sulphuric acid, and 
the evolved gas, dried with the aid of calcium chloride, is 
led into a vessel immersed in a freezing mixture of ice and 
salt (footnote, p. 8). 

A similar product is obtained when arseuious anhydride 
(p. Sob) is very gently warmed with concentrated nitric acid, 
and the evolved gas is treated in the manner just described; 
in this reaction the nitric acid is reduced to nitrous acid, and 
the arseuious anhydride is oxidised to arsenic acid (p. 558). 

Nitrous anhydride dissociates very readily, and at ordinary 
temperatures it is converted into a dark-brown mixture of 
nitric oxide and nitrogen dioxide (or tetroxide, p. 350), 


yj ->N() + N<>,,; 

hut apparently this change only takes place, in presence of 

moisture.* 


Nitrosyl chloride, NOCI, the chloride of nitrous acid, is formed 
hy the combination of chloiine and nitric oxide, and also when 
nitric and hydrochloric acids aie mixed (aqua regia, p. 

UNO, I 3HCl = Nori+Cl, + 2U,(>. 

It is obtained as an mange gas when nitrosxlsulphuric acid (p. 486) 
is heated with sodium chloiidc, 

SOy(O N())OH -» NaCl -- NOCI + NaITSO v 
On hydrolysis will) alkalis, i( gives a nit rite and a chloride, 

NOCI -4 *2Xa< >II NaNOo + NaCI -i H,<). 

Hyponitrous acid, II B X 2 0 2 qr H O N N O-II, is obtained 
in the form of its sodium salt when sodium nitrate (or nitrite) is 
reduced with sodium amalgam (p. 670) and water, 

2NaXO. t -i SH - Na.,N.,<4 4IU >. 

It is also ])rodncod hy the interaction of nitrous acid and hydroxyl- 
amine, 

HO NO + N H./OTT H () N : N OH r H/). 

It is a crystalline oxplosiv e compound, and is only a weak acid. 
It decomposes spontaneously even in aqueous solution, giving its 

* The results of density determinations, made with tin* very carefully 
I dri ‘it gas seem to show tlpit t.1i« molecules, N 2 0 3 , are associated nt ordinary 
» te-i'peratr^eB. 
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anhydride (nitrous oxide) and water. * It forme both normal and 
acid Halls. Its silver salt, A" s N a () 2 , is insoluble in water. 


Nitric Acid, IIN0 3 or 



-OH, AND ITS DERIVATIVES. 


In the preparation of nitric acid (p. 236) on the large scale, 
sodium nitrate and sulphuric acid are heated together in east- 
iron cylinders or retorts, and the reaction is represented by 
the equation, 

NaN( >„ + H s S 0 4 - HNO, + NaHS0 4 . 


The nitric acid vapour is condensed in a series of earthen¬ 
ware Woulfe’s lwattles or in a series of vertical earthenware 
pipes, t 

When two molecular proportions of the nitrate are used, 
a higher temperature is required to complete the double 
decomposition, 


2NaN() s + II,S0 4 - 2HNO a + Na 2 S0 4 , 
and in the later stages the following changes occur, 


4NaNO a + 4NuIhS< ) 4 =_ 4Na 2 SQ 4 + 4N0 2 + 2H 2 0 + 0 2 . 


The nitrogen dioxide (tetroxulo) thus produced dissolves in 
the nitric acid which has already distilled, giving a reddish- 
brown fuming liquid ('rod fnwinr/ nitric acid 3 ) which is 
often used for oxidising purposes. 

Chili saltpetre contains chlorides, and commercial nitric 
acid therefore may contain chlorine, nitrosyl chloride, and 
oxides of nitrogen. These impurities may Ik*, removed by 
passing air through tin* gently heated acid. Sulphuric acid, 
iodic acid (p. 436), and dissolved salts may also be present, 
but may be got rid of by distilling the nitric acid. 


* Although nitrous oxide is formed when a solution of hyponitrous acid 
is heated, and may therefore he regarded as the anhydride of hyponitrous 
aeid, the acid is not produced when nitrous oxide is treated with water. 

fin one process tlio whole operation is'*carried out under reduced 
pressure, whereby the reaction is completed at a lower temperature and 
the decomposition of the nitric acid is avoided, 
laws. 2 U 
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Aqueous solutions of nitric acid, when distilled under a 
constant pressure, ultimately give a distillate of constant, 
boiling-point (compare, p. 418); the solution obtained under 
atmospheric pressure boils at 120‘5°, and contains 68 per cent. 

of hno 3 . 

Except when, nitric acid is used in preparing wilts from 
metals, oxides, hydroxides, carbonates, <Vie\, its employment 
in the laboratory is principally due to the fact that it is a 
vigorous oxidising agent. The nature of the reduction 
product formed from the, acid depends not only on the 
substance which is oxidised but also on other conditions, 
more especially on the temperature and concentration of the 
acid. Thus, when copper is treated with concentrated nitric 
acid, the latter is reduced to nitrogen tetroxide (N 2 0 4 or 
NO.>), whereas with a more dilute acid, nitric oxide i* obtained 

(,». 243). 

If different reducing agents are employed and the conditions 
varied, the following reduction products of nitiic and may he 
obtained; the equations an* merely intended to show the 
progressive character of the reactions, rlie extent of the 
reduction being expressed in terms of hydrogen (footnote., 
p.285): 

2IO0 3 + 2H = N 2 0 4 + 21V) 

2ILX (). A + 4H = N 2 () 3 + 31l“0 (or 2HN0 2 + 2H/>) 
2TIX0 3 + 6II = 2JS t 0 + 4H“0 
2I1I\ T (>3 + 811 = N 2 () + 51I 2 "() 

2ILNO. j +10H-N, + 6 II 2 O 
2HNn 3 + 12H-2NH./OH + 4TI 2 0 
2HNO a +1411 N 2 H 4 + 6H 2 0 
2 HNO 3 + 1611 - 2NH 3 + 6H 2 0. 

The conditions under which most of these reduction products 
may be prepared have already been stated. 

The final reduction product, namely, ammonia, is produced 
when a nitrate (or a nitrite) is heated with zinc dust (p. 626) 
and caustic soda, iind the quantity of nitric acid (or of 
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nitrate) in a solution may ho estimated with the. aid of this 
reaction, as the. ammonia which is formed may he determined 
volumetrically (p. 268). 

Nitric acid oxidises so many compounds that only a few of 
these can he mentioned. Thus it oxidises sulphur (p. 246), 
iodine (p. 436), phosphorus (p. 548), antimony (p. 564), tin 
(p. 592), and carbon,* and except in the case of iodine and 
sulphur, gives rise to the highest oxide of the element. It 
oxidises most inotals, converting them into their nitrates 
(p. 245). It oxidises three of the. halogen acids, hydrogen 
sulphide, and most of the metallic sulphides. It oxidises 
the lower oxides of non-metals and of metals, and also salts 
derived from the lower metallic oxides, the higher oxides or 
their derivatives being formed ; thus sulphur dioxide is con¬ 
verted into the tri«»xide, arsenious anhydride into arsenic 
anhydride (p. 557), and ferrous into feme salts, 


GFoS< > t + 3H,K< > 4 + 211 N I» 3 3Fe,(S<),), + 411,0 + 2N0. 


Since in many of these oxidations the nature of the products 
depends on the conditions, tie* equations which are given 
in particular cases may represent only some of the more 
important results of the reaction. 

The presence of free or combined nitric acid may he detected 
by the ‘brown-ring’ test. The substance is mixed with 
excess of concentrated sulphuric acid, which liberates nitric 
acid if a nitrate is present, and a solution of ferrous sulphate, 
is carefully poured on to the surface of the cold mixture. 
The production of a brown or black solution where the 
two liquids come into contact shews the presence, of nitric 
acid. Tho nitric acid is reduced by the ferrous sulphate 
(see above), and the nitric oxide thus produced dissolves in 
the ferrous sulphate solution, giving a dark liquid, which 


* A glowing Btiok of charcoal fixed to a long wire and cautiously dipped 
into warm red fuming nitric acid (p. 520) ctfhtinues to burn much more 
vigorously than in the air, and a brown gag (N0 2 ) iu evolved in large 
quantities The nitric acid ia placed in a beaker,•which, fur eafety, etaude 
in a large glow cylinder. 
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probably contains the compound FeS0 4 ,N0. On this solution 
being heated, nitric oxide is liberated (p. 245). 

Free nitric acid may he estimated volumetrically, in absence 
of other acids, by titration with a standard solution of sodium 
hydroxide. Combined nitric acid—that is to say, nitrates— 
may be estimated by the method already mentioned ; also by 
converting the whole of the nitric acid into nitric oxide, and 
then measuring the volume of gas produced. 

In the latter method, the ‘ nitrometer,’ shown in fig. 101 
(p. 476), is used, the bottle (h) being disconnected. The 
nitrometer tube (r) is completely filled with mercury by 
raising the reservoir (d), which also contains mercury. A 
weighed quantity of the nitrate dissolved in the minimum 
quantity of water is placed in the cup (y), and by open¬ 
ing the 3-way tap the solution is run into the nitrometer 
(the reservoir having been lowered) without admitting air. 
Concentrated sulphuric acid is then poured into the cup and 
cautiously run into the nitrometer. The tap having been 
closed, the contents of the tube are vigorously shaken. The 
nitric acid, liberated from the nitrate by the sulphuric acid, 
now reacts with the mercury, and is reduced to nit nr oxide, 
the volume of which is subsequently measured under known 
conditions of temperature and pressure. 

The decomposition of the nitric acid is expressed by the 
equation, 

2 HNO.J + 3Hg + 3II 2 S0 4 - 2NC > + SllgMO, + 4H/>, 

so that 1 gram-molecule of the acid gives 22’4 litres of nitric 
oxide at X.T.P. 

Several of the more important nitrate* have already been 
described (pp. 240 -242), and the general properties of 
the nitrates have been noted ; other nitrates are mentioned 
later. 

o \ 

Nitryl chloride, N<M’l Cl, is said to he obtained as a 

ytllo'v liquid (b.p. 5 U ) by carefully treating pure nitric acid with 
pliobplioUH pen La-chloride (p. 545), and also by the combination of 
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nitrogeu tetroxhle and chlorine; it is hydrolysed by water, giving 
nitric and hydrochloric acids. 


The Constitution of Nitric Acid and of other Nitrggen Com¬ 
pounds. —The. existence of ammonia and of many compounds 
closely related to ammonia shows that nitrogen may be 
tervalent. On the other hand, the existence of ammonium 
chloride and of many other compounds of a similar type 
shows that the element may he q unique valent. If now the 
structure of nitric acid is considered, it may he concluded 
that the molecule of the acid contains a hydroxyl-group, 
because the acid is formed by the direct union of its anhydride 
witli water (p. 46N). 

The structure of the acid, therefore, may he represented 


O x (K 

by the formula I \N'OlI or ,vjN*()Il. For reasons similar 
()/ vr 

to those given in discussing tin* constitution of sulphuric acid 
(p. 492) the second of these formula; is usually adopted, and 
nitrogen in nitrie acid and in nitric anhydride is regarded as 
being, quinque'valent. The structure formula of nitrous acid 
(p. 526) is also based on the evidence that the molecule 
contains a hydroxyl-group and on considerations of valency. 

In the case of the oxides of nitrogen the following formulae 
are sometime# employed: 

|>0 NO 0<N=0 0 = NO-<« o>-°- N <0 ! 


that of N 2 (), is based on the fact that this oxide combine# 
with water to give both nitrous and nitric acid, so that it may 
be regarded as a mixed anhydride. (;>. 441). 
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CHAPTER LII. 

Phosphorus and its Compounds. 

Phosphorus, P 4 ; At. Wt. 31. 

Two important varieties of the element phosphorus are 
known. One of these, namely, colourless phosphorus (often 
called yellow phosphorus), seems to have been discovered hy 
Brandt in 10(59, the other, a much less active form, known 
as red jdiosjthorus (sometimes as amorphous phosphorus), was 
discovered hy v. Sohrbtter m 181"). 

Even tht‘ less active variety does not occur in the free state, 
and the only abundant compounds of tin* element are cer¬ 
tain salts of phosphoric acid, H 3 P0 4 , more especially calcium 
phosphate , Ca 3 (l > 0 4 ) li . 

This compound is very widely diffused and is present in 
small quantities in nearly all rock materials and in all fertile 
soils. Phosphates are essential to the life of plants, and the 
phosphates or other phosphorus compounds contained in 
plants are equally essential to the life, of the higher animals. 
The hrain, nerve tissue, and many other important parts of 
the animal organism contain complex phosphorus compounds 
related to tie* albuminoids (p. 514), and the ‘mineral matter* 
of the hones of vertebrates consists principally of calcium 
phosphate. Phosphates are excreted by animals: sodium 
ammonium phosphate (p. TAA) occurs in the urine, and a large 
proportion of guano and of coprolites (fossil dung) consists of 
calcium phosphate. 

Calcium phosphate is found in large, beds of fossil hones in 
North America (Florida, South Carolina), and in Algeria; in 
$pain, as the mineral plimphoritu. 

A pa* He is a crystalline mineral consisting of calcium phosphate 
and calcium ehlorule or calcium fluoride, and its composition is 
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represented by the formula 3Ctt 3 (l’0 4 ) 2 , CaXp where X represents 
an atom of chlorine or of fluorine; this mineral is a very common 
component of rocks, and occurs in large quantities in yurts of 
Canada. . 

At one time all commercial phosphorus was made from the 
calcium phosphate contained in bones. The bones were strongly 
heated in the nil in order to burn away the organic matter con¬ 
tained in them, and the crushed product, hone-ruth , consisting 
principally (S3 S4 per cent.) of calcium phosphate, was treated with 
dilute sulphuric acid in ordei to convert the calcium phosphate 
into phosphoric acid, 

C«a( P0 4 )., + 9 1I-S0 4 - 2H ,P0 4 + 3CaS0 4 . 

The solution of the acid was then decanted from the piecipitated 
calcium sulphate, evaporated to a syrup, and mixed with charcoal 
or coke, after which the pasty muss was dried and heated to a dull 
red heat; under these conditions the phosphoric acid was converted 
into metaphosphoric acid (p. 547), 

H ji 1 > 0 4 - HP< + H 2 0. 

The mixture of metaphosphoric acid and carbon was finally heated 
at ft very high temperature in bottle-shaped iron vessels ; phos¬ 
phorus then distilled over, together with carlsm monoxide and 
hydrogen, ami the vapour was condensed in receivers containing 
warm water, in this process it may he supposed that the meta¬ 
phosphoric. acid decomposes into its anhydride P 2 0 6 and water, 

‘ill P0 3 - H a O + P 2 0 5 , 

and at the very high temperature employed lioth these products 
are reduced by carbon, 

2P/) S f-100= P 4 + 10CO 
2H s O+20 = 200 4 2H 2 ; 

the final results are expressed by the equation, 

4HP0, +120 = P 4 +1200 + 2H,. 

Phosphorus is now prepared by heating an intimate mixture 
of calcium phosphate (fossil or mineral phosphate, also lmne- 
ush), sand, and carbon at a very high temperature in an electric 
furnace (p. 299), The calcium phosphate is decomposed by 
the silica, giving calcium silicate and phosphorus pentoxide, 

Ctt s (I’0 4 ) a 4 3Sil), =- 3(.’a8id 3 + 14,0,, 
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and the latter is then reduced by the carbon with formation 
of phosphorus ami carbon monoxide, 

2P a O fi + IOC - P 4 + 10CO. 

Tlie phosphorus vapour is passed into a copper receiver con¬ 
taining warm water, and the liquid phosphorus is then run 
into cold water. 

The product contains lower oxides of phosphorus and other 
impurities; it is agitated with a warm dilute solution of 

potassium dicliromate 
and sulphuric acid, in 
order to convert these 
impurities into soluble 
compounds, and the 
liquid phosphorus is 
then usually cast into 
sticks. 

A form of electric 
furnace, used in the 
manufacture of phos¬ 
phorus is shown in 
fig. 105. Tlie material 
is introduced into the 
hopper (a), whence it 
is passed into the 
small ante-chamber (/;), 
the top and bottom 
Fig. 105. of which consist of 

movable plates (c, c); 
from this chamber it is forced in hi the furnace by means 
of the screw (d). The carbon electrodes (*?, e) pass through 
metal casings which are connected to the poles of an alter¬ 
nating dynamo. At the commencement of the operation, 
instead of these electrodes much smaller rods (/, f) are used; 
fhe latter are pushed through channels in the "walls of the 
furnace, and are withdrawn again when the resistance of 
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the furnace contents lias diminished sufficiently to enable 
the current to pass between the larger electrodes. The gases 
and vapours ('scape through the tube (j/), and the phosphorus 
is condensed in copper receivers; the fused mass of.calcium 
silicate, &c., flows away throng]) the opening ( h ). 

Colourless phosphorus, the variety of the element prepared 
as described above, is (when pure) a translucent, waxy, 
crystalline, solid, which soon becomes superficially yellow on 
exposure to light owing to the formation of traces of red 
phosphorus. It melts at 44° and boils at about 290°; its 
sp. gr. is T84. It is generally kept under water, in which 
it is insoluble, us it is very liable to take fire spontaneously 
■on exposure to the air at ordinary temperatures.* 

Red phosphorus, a dull purple-red crystalline solid, of 
sp. gr. 2‘2, often spoken of as amorphous phosphorus, is 
very slowly formed when colourless phosphorus is heated at 
about 250° out of contact with the air. 

This may he shown by suspending a small hermetically sealed 
glass tube containing a little colourless phosphorus in the vapour 
of boiling diphcnylamine (h.p.'3H) J ); if the diphenylamine is gently 
boiled in a long-necked flask a condenser is not required. 

Red phosphorus is prepared commercially by heating colour¬ 
less phosphorus at about 250° in a glass or porcelain vessel, 
which is endieddud in sand contained in an iron pan; 
the vessel containing the phosphorus is provided with an 
air-tight cover through which passes a tube with its free end 
dipping under water. When most of the air lias been ex¬ 
pelled from the vessel by the application of heat, this tube 
is closed with a tap and the phosphorus is heated until the 
change into the red form is practically complete. 

The product is ground to a paste with water, boiled with 
sodium hydroxide solution in order to extract unaltered, 
colourless phosphorus (see p. 538), washed with water, and 
dried. * 

The change from colourless to red phosphorus takes place 

* Compare footnote, p. 84, as to the danger of handling phosphorus. 
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very slowly at 250°, but in presence of a little iodine 
(which forms phosphorus iodide) it' occurs rapidly at 180° 
ami slowly oven at ordinary temperatures. The iodine, or 
phosphortis iodide, acts as a catalytic agent. 

Colourless and red phosphorus differ from one. another in 
a very striking* manner both in physical and in chemical 
properties, some of the more important differences are 
summarised below. 


Colourless (Yellow) 
Phosphorus. 

Very readily soluble in 
carbon disulphide and sol¬ 
uble, in many other carbon 

V 

compounds. 

Melts at 44 , and immedi¬ 
ately takes fire when melted 
in the air. 

Combines slowly with at¬ 
mospheric oxygen at ordinary 
temperatures, showing phos¬ 
phorescence (p. 540). 

Dissolves chemically in hot 
sodium hvdroxide solution, 
giving phosphine (p. 541). 

Very poisonous. 


Red Phosphorus. 

Insoluble in all liquids. 

Melts at about 5f»0 J when 
quickly heated in absence of 
air; takes fire at about 240 
in tin* air. 

Dot's not change when 
exposed to the air. 

Insoluble in, and not acted 
on by, hot sodium hydroxide 
solution. 

Nun-poisonous. 


In spite of these great differences, the two varieties of 
phosphorus are composed of the same, matter, and may be 
converted one into the other without undergoing any change in 
weight. Colourless phosphorus, hermetically sealed in a glass 
tube containing nitrogen or some other inert gas, is transformed 
into red phosphorus at 250". Ked phosphorus under similar 
conditions, hut at higher temperatures, is converted into a 
vapour which, when nooled, gives colourless phosphorus. 
Equal weights of the two forms separately burned in excess 
of dry oxygen give equal weights of phosphorus pentoxide. 
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Concerning the relationship between these two forms of 
the element phosphorus, it may lirst he notcil that from 
determinations of the vapour densities of many phosphorus 
compounds, such as phosphine, and phosphorus trichloride, 
the atomic weight of phosphorus, based on its equivalent, is 
known to he 31. The density of phosphorus vapour (between 
515° and 1000') is 62, corresponding with the molecular 
weight 124; hence the vapour of phosphorus (from either 
the colourless or the red form) consists of tetratomic 
molecules, P 4 . It has also been found by cryoscopic and 
ebulliosoopic determinations that colourless phosphorus is 
tetratomic in solution ; hut. as no solvent for red phosphorus 
is known, its molecular weight in the dissolved state cannot 
he determined. The relationship between the. two solid 
varieties of phosphorus, therefore, is unknown. 

It may be that the molecules of red, are different from 
those, of colourless, phosphorus, as those of oxygen differ 
from those, of ozone (p. 466); or that the two forms con¬ 
sist of identical molecules? which are, differently arranged in 
the two crystalline substances, as probably is the case with 
the rhombic and monoclinic forms of sulphur. 

Whatever the difference may he, it is known that red 
phosphorus is much the more stable form, and that the 
transformation of colourless into red phosphorus is accom¬ 
panied by a very considerable development of heat; as, 
however, red phosphorus is not a definite substance, but is 
probably a solution of colourless in ‘metallic’ phosphorus, 
or a mixture of several varieties of red phosphorus, the 
development of heat is not constant, and even the ordinary 
properties of red phosphorus depend on its method of pre¬ 
paration. ‘Metallic * phosphorus (Hitfcorf’s phosphorus) is a 
dark-red crystalline sulistanee which is formed when colour¬ 
less phosphorus is heated with lead at high temperatures; 
it resembles red phosphorus iu properties. 

Colourless phosphorus emits a faint, jmle greenish-yellow 
light, which is visible only in the dark, when it is exposed 
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to (atmospheric) oxygen; from this phenomenon, termed 
ph os fihortiscancr, the element derives its name.* 

The phosphorescence is due to atmospheric oxidation. It 
seems probable that phosphorous anhydride is first formed, 
and that this compound then combines with oxygen to form 
phosphoric anhydride with development of light and heati 
Other products (ozone, hydrogen peroxide) are also formed, 
and a characteristic garliclike odour is observed. 

Colourless phosphorus may he detected by boiling it, or 
any substance, suspected of containing it, with water, in a 
flask provided with a long glass lulu*; in the dark a pale, 
greenish-yellow phosphorescence is seen where the steam 
containing phosphorous vapour and rising in the tube conies 
into contact with the air. 

Colourless phosphorus is a very active element; it burns 
in the air (p. 92) and in chlorine (p. 141), combines 
explosively with bromine (p. 411), unites vigorously with 
iodine, ami so on ; it gives three compounds with sulphur, 
and unites with certain metals, forming phosphides. Red 
phosphorus, of course, gives the same compounds as colourless 
phosphorus, hut not so readily. 

The principal use of phosphorus is for making matches. 

Ordinary matches, which strike on sandpaper or on any rough 
surface, consist of stops of wood coated with paraffin-wax, the 
heads being made of a paste of colourless phosphorus, gum, aud red- 
lead (or some other oxidising agent such as load dioxide, lead 
nitrate, &c.). The heads of safety-matches may consist of a 
mixture of antimony sulphide, potassium chlorate, and gum, and 
are rubbed on a surface of a mixture of refl phosphorus, anti¬ 
mony sulphide, powdered glass, and glue; but many different 
preparations are used. The principle in all cases is that, the heat 
developed by friction starts a vigorous chemical change. 

* When a solution of colourless phosphorus in carbon disulphide in 
poured on filter-paper, the solvent rapidly evaporates, and the thin layer 
of phosphorus thus fori tied ^oxidises so rapidly that it takes fire; in the 
dark, phosphorescence is distinctly observed just before the phosphorus 
fnflaiuej. * 
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Hydrides op Phosphorus. 

Phosphorus and hydrogen combine even less readily than 
do nitrogen and hydrogen ; nevertheless several hydrides of 
phosphorus are known. 

Phosphine (// ydrogen phosphide), PTl a , is formed when 
calcium phosphide/' is placed in water, 

Ca,P 2 + (iH/> = 2PH S + 3Ca(OH) 2 , 

and also when colourless phosphorus is heated with a solution 
of potassium hydroxide (see below), 

P 4 + 3K0H + 311,0 - Pll { + 3KH 2 P( ),,.f 

ft is a colourless, very poisonous, disagreeably smelling gas, 
and is only sparingly soluble in water, in which respect it 
differs widely from ammonia; it burns in the air, giving 
phosphoric acid, 

SJPHj, + 40 g = 2H 8 P0 4 , 

and is readily decomposed into its elements when it is heated 
out of contact with oxygen. 

Phosphine combines with the halogen acids, giving com¬ 
pounds of the formula P1I 3 , HX or PTf 4 X, where X represents 
an atom of a halogen. These compounds are called phos- 
phonimn salts, as they are of the same 1 type as the ammonium 
salts, but they are, very unstable and are decomposed by 
water, with liberation of phosphine. 

Phosphonium iodide, PH t l, is the most stable and the 
best-known phosphonium salt; it is a colourless crystalline 
substance, which is often produced (owing to the occurrence 
of secondary reactions) in the preparation of hydrogen iodide 
from iodine, red phosphorus, and water (footnote t, p. 422). 

Liquid hydrogen phosphide, is formed, together with 

phosphine and potassium hvpophosphito, when colourless 

# Calcium phosphide is oht,nino<! in a very* impute state as a brown 
powder by gradually adding phosphorus to heated lime. The jjas produced 
when the phosphide is thrown into water takes tirg spontaneously. 

t Potassium hypophosphite (p. 551), 
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phosphorus is heated with potassium hydroxide solution ; as 
the liquid phosphide takes lire spontaneously on exposure to 
tins air, the preparation of phosphine is carried out in the 
apparatus shown in fig. 106, the. air in the flask being first 
displaced by coal-gas. When the bubbles of gas rise to the 



Fig. 10C. 


surface of the warm water* in the trough they take lire 
spontaneously and ‘ smoke-rings ’ of fumes of phosphoric add 
are formed. 

A similar spontaneously inflammable product is obtained 
by the action of water on calcium phosphide. From such 
mixtures most of the. liquid hydride may he separated by 
passing the gas through well-cooled U tubes. 

One or more solid hydrogen phosphides are also known. 

* U"lew tl»o water in warm the end of tho delivery-tub© may get 
ohoked up with phoaphorua. 
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IfAixKJHN Compounds op Phosphorus. 

Phosphorus combines midily with all the halogens, forming 
compounds of the type PX S or PX 5 , in which the phosphorus is 
either ter- or quimpie-valent; it also gives rise to oxyhalogen 
compounds such as phosphorus oxychloride, P001 3 , which may 
be regarded as derivatives of phosphoric acid, PO(OIl) 3 . 

The halogen compounds are all obtained by the direct 
combination of their constituent elements, and the only 
difficulty in preparing them consists in moderating the vio¬ 
lence of the reaction. When excess of phosphorus is used 
the compound of the type PX 3 is obtained; but when excess 
of halogen is present this product is converted into one of 
the Lype PX 5 , except in the case, of the iodide. The more 
important halogen derivatives are the following: 

Phosphorus trichloride, PCI,. Phosphorus trihroniide, PBr 3 . 
lMiosphonis peidarldoiide, l'Cl a Phosphorus pentahromide, l*Br 6 . 

Phosphorus tri-iodide, Pi 3 . 

Phosphorus trichloride, PCl 3 , is prepared by passing dry 
chlorine over colourless phosphorus until all the solid dis¬ 
appears ; the product is then purified by distillation. 

The phosphorus is placed in a retort (lig. 107) connected 
with a receiver, and the air in the apparatus is disjdaced by 
dry carbon dioxide ; a stream of dry chlorine is then led into 
the retort. A development ol“ heat occurs, and most of the 
trichloride volatilises; as soon as the phosphorus has dis¬ 
appeared the retort is gently heated (on a water-bath), in 
order to distil the rest of the product, ami the whole ih then 
purified by distillation. The. larger wash-bottle, which contains 
sodium hydroxide solution, serves merely to prevent the 
escape of chlorine, or phosphorus trichloride into the room. 
"Phosphorus trichloride. is a mobile liquid (bp. 76"), having 
a pungent, very disagreeable smell; it fumes in the air, and 
when poured into water is vigorouJly hydrolysed, giving 
hydrochloric and phosphormw acids (p. 551), 

PC1 8 + 3H 2 0 - 3HCI + P(OH) g . 
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Phosphorus tribromide, PBr a , may bo prepared by gradu¬ 
ally adding bromine, which is dissolved in carbon disulphide 
(in order to moderate the reaction) to dry rod phosphorus 
until the latter disappears ; the product is separated from 
the solvent by fractional distillation. It boils at 175°, and 
resembles the trichloride. 

Phosphorus tri-iodide, PI 3 , is prepared by gradually adding 
iodine to colourless phosphorus, both the elements being dis¬ 
solved in carbon disulphide ; the product remains as a red 
solid when the solvent is distilled olf. 



Fig. 107. 


Phosphorus pentachloride, Pf'b,, is obtained by treating 
phosphorus with excess of chlorine, and is prepared l>y 
passing dry chlorine over the surface of the trichloride; an 
apparatus like that shown in lig. 107 is used. The pen la- 
chloride is u colourless crystalline solid, which sublimes and 
dissociates (p. 366) when it is heated, 

+ —>p(;i :i + <X 

It is violently hydrolysed hy water, giving hydrochloric and 
phosphoric acids, # 

I J C1 6 4- m.p -- 5IIC1 + IlglM > 4 . 
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It may he supposed that in this change each of the chlorine 
atoms is displaced by a hydroxyl-group, giving the unstable 
compound P(OIl) fi , which immediately loses the elements of 
water, giving PO(OH) 3 . 

Phosphorus pentabromide, TBr* is obtained by adding 
bromine to the tribromide; it is a yellowish crystalline*solid, 
similar to the pentachloride in chemical properties. 

Phosphorus* triflaoride, PF,,, and the pentafiuoride, PF f , 
are colourless gases; a red crystalline iodide, P 2 I 4 , * 8 
known. 

The tri- and penta-halogen derivatives of phosphorus are 
important reagents, as they are used for preparing many 
halogen compounds. AY hen a substance which contains one 
or more hydroxyl-groups is treated with one of these phos¬ 
phorus halides, each of the hydroxyl-go nips is displaced by 
an atom of halogen. Thus water, II —Oil, gives a halogen 
acid, H-X; nitric acid, NlVOH, gives nitryl chloride, 
NOjCl; sulphuric acid, S() 2 (OH)o, gives sulphuryl chloride, 
SO.jCK, (p. 492); alcohol (p. 126), which has the formula, 
C 2 H 5 ()H, gives ethyl chloride, C.,11 5 C1; and so on. 

/Cl 

Phosphorus oxychloride, POCl 3 or 0 = P—Cl, is formed 

\ci 

when water is very cautiously added to phosphorus penta¬ 
chloride until the solid disappears, 

PC1 5 + H,0 = POC1,4- 2HC1; 

the product is isolated hy fractional distillation. It is a very 
disagreeably smelling liquid (l>.p. 107°), which is rapidly 
hydrolysed hy water, giving hydrochloric and phosphoric 
acids, 

poci 3 + 3H,o= po(oii ) 3 + an ci. 

Phosphorus oxybromide, POBr a , is a crystalline solid pre¬ 
pared from the pentabromide in a similar manner. 


Indrg. 


2 I 
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Oxides and Oxy-Acids of Phosphorus. 

Phosphorus coin hi nos very readily with oxygon, and forms 
several oxjde.s, hut none of the.se is a basic oxide. The only 
important oxide is phosphorus peiitoxido, P 2 < ) f> , the highest 
oxide of phosphorus. This substance is an anhydride, and 
corresponding with it are three, oxy-acidsof phosphorus, which 
are described below. 


Phosphorus pentoxide or phosphor /r anhydride, P*A> is 
obtained when phosphorus is burnt in the air; when the 
supply of oxygen is limited some red phosphorus and lower 
oxides of phosphorus are als.• formed ; but these impurities 
may be oxidised to the pentoxide by subliming the impure 
product in a stream of dry oxygen. 

It is a colourless solid which sublimes at high temperatures. 
Its use in the laboratory for drying gases (p. 8f>) and liquids 
de]lends on the fact that it combines very readily with water 
to form metaphosphorie acid (see below). 

Phosphorus trioxide or phosphorous anhydride, P g 0 3 » is 
formed when phosphorus is burnt in a limiUtl supply of air. 
It is a cob an less solid (m.p. 22*5but it boils at relatively 
low tempeiatures (173 ), and is therefore easily separated 
from any pentoxide. (which may be formed with it) by dis¬ 
tillation in a dry atmosphere. 

It combines with cold water, but only slowly, giving 
phosphorous acid (p. 551). 

The vapour density of phosj horns pentoxide corresponds 
with that required by the moloeulur formula I * 4 < * J0 » and that 
of phosphorus trioxide eorresponds with the formula P 4 0 lt ; 
as the substances are generally called by the. names just used, 
the simpler formula* P.,0,. and I \J are commonly employed. 
This is all the more permissible because it is possible to 
regard the existence, of the more complex molecules P 4 0 fl 
and P 4 (.) Jf , as examples of association (p. 3N4). 

Phosphorus tetroxide, Pd> 4 , is formed, together with phosphorus, 
when the trioxide is licked at 400 ; it is crystalline, and with water 
it gives phosphorous and phosphoric, acids. 
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Tins Phosphoric Acids. 


Phosphoric anhydride combines with water, giving a mono¬ 
basic acid, which is called wtfaphosplioric acid, 

P,< ) & + H a O = SllPOy 

When this acid is boiled with water it is slowly converted 
into a tribasic, acid, known a* o;77mphosphonc acid, 


iiro. + ii.o-n.pt > 4 . 

When ortho]ihoKjdioric neid is heated at about 255° it 
loses the elements of water and gives a tetrabasic acid, pyro- 
phospliorie acid, 

2JI 3 P0 4 = I r. ,P,0 7 + H./). 

As these three acids are all derived from one and the same 
anhydride*, they all contain phosphorus in the particular stage 
of oxidation m which it exists in this, its highest, oxide. 
Consequently, in older to distinguish between the different 
acids, the prefixes ortho-, torfa-, and [njro- are’employed. 

The only approach to a system m the use of the terms 
ortho- ami rnota- has already hceii pointed out; the term 
pyro- used here and in other eases is an indication that the 
compound in question was first obtained by a reaction which 
involved the application of heat. 

Metaphosphoric acid, IIPO H or OH, is obtained as 

a vitreous solid when phosphoric anhydride is left in moist 
air. Tt is soluble in water, and when its solution is neutralised 
with sodium carbonate, sodium metaphosphate, NaPO.„ is 
formed. With this solution, silver nitrate gives a colourless 
precipitate of silver metaphosphate, AgP() r 

Metaphosphoric acid gives rise to several different series of salts 
which are derived from polymeric forms (p. 583) of HPOj, such as 
(UP (>„)* U1P0.,):„ and (UPU 3 )„. 

Orthophosphoric acid, H.,ro 4 O =-r(01I) 3 (commonly 
called phosphoric acid), is formed when metaphosphoric acid 
is boiled with water; also when phosphorus (colourless or 
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red) is warmed with nitric acid until it is completely oxidised. 
In the latter method, the unchanged nitric acid is afterwards 
expelled by evaporating the solution and then repeatedly 
adding a little water and evaporating after each addition. 

Phosphoric acid is crystalline, deliquescent, and very soluble 
in water; the solution shows the ordinary properties of a 
weak acid. The acid is not volatile; at very high tempera¬ 
tures it is converted into metaphosphoric acid, which only 
volatilises at a bright red heat. Owing to its 11011 -volatility 
phosphoric acid cannot be prepared from its salts by merely 
heating the latter with sulphuric acid (p. 359), although these 
salts are easily decomposed by sulphuric acid. 

Phosphoric acid gives three series of salts which are dis¬ 
tinguished as primary, secondary, and tertiary phosphates. 
The tertiary phosphates are normal salts, but the secondary 
and primary phosphates are acid salts (p. 258). As examples, 
the names and forrnuhe of the sodium and calcium salts are 
given below: 

NormaI (or tertiary). Secondary. Primary. 

Na^PC^ ‘ Na^HPOj NaH 2 P0 4 

Sodium phosphate Disodiutn hydrogen Sodium dihydrogen 

phosphate phosphate 

Ca^PO^ CaHP() 4 Ca(H,PG 4 ) 2 

Calcium phosphate. Calcium hydrogen Calcium dihydrogen 

phosphate. phosphate. 

Salts which contain two different metals or metallic radicles 
may also be obtained. Thus sodium ammonium hydrogen 
phosphate, Na(NH 4 )HP0 4 , 4H 2 0, is a fairly common sub¬ 
stance (known as luicrocosmic salt) in which one hydrogen 
atom of the acid lias been displaced by the univalent sodium 
atom, another by the univalent ammonium radicle. 1Mag¬ 
nesium ammonium ]>hos}>hatt>, Mg(NH 4 )P0 4 , is a well-known 
compound produced by displacing two of the hydrogen atoms 
by the divalent magnesium atom and one by the ammonium 
radicle. • 

When the acid phosphates (primary or secondary) are 
sttongly heated, they rfecompose with loss of the elements 
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of water; the primary salts are thus converted into meta¬ 
phosphates, 

NaH 2 P0 4 = NaP0 3 + H s O 
Ca(H 2 P0 4 ) 2 = Ca(P0 a ) 2 + 2H 2 0, * 

and the secondary suits into normal pyrophosphates, 

2Na 2 lIP0 4 = JSTa 4 P 2 0 7 + H 2 0. 

Salts containing the ammonium radicle are also decomposed 
when they are strongly heated; microcosmic salt, for example, 
gives sodium metaphosphate, while magnesium ammonium 
phosphate gives magnesium pyrophosphate, 

NaNJI 4 HP0 4 = NaPOjj + NII 3 + H 2 0 
2MgNII 4 P0 4 = Mg 2 P a 0 7 + 2NH 3 4- II 2 0. 

Disodium hydrogen phosphate, Na 2 HP0 4 , is one of the 

better-known phosphates. It would not be prepared by 
neutralismtf phosphoric acid with sodium hydroxide (because 
the solution becomes neutral to litmus when it contains a 
mixture of Na 2 HP0 4 and NaH 2 P0 4 ), but by mixing 1 gram- 
molecule of sodium carbonate with 1 gram-molecule of 
phosphoric acid in .aqueous solution, and then evaporating; 
on the solution cooling the salt separates in hydrated crystals, 
Na 2 IIP0 4 , 12II 2 (). Its solution is used in the laboratory, 
principally in testing for magnesium salts. 

Silver phosphate, Ag 3 P() 4 , is obtained as a yellow pre¬ 
cipitate on a solution of silver nitrate being added to a 
solution of disodium hydrogen phosphate, 

Na 2 HP0 4 + SAgNO, = Ag 3 P0 4 + 2NaNO s + HNO s . 

As it is chemically soluble in nitric acid, and nitric acid is 
produced in this reaction, precipitation of the phosphoric acid 
is incomplete. Silver phosphate also dissolves chemically in 
ammonium hydroxide solution. 

Calcium phosphate, Ca 3 (P0 4 ). M i.t the most important salt 
of phosphoric acid (p. 534); it is insoluble in water, hut 
is converted into soluble acid salts or into phosphoric acid 
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when it is treated with hydrochloric acid or other strong 
acids, 

<X(T() 4 ), + 2HCI > 2CaHP( > 4 + Cud, 

<X(iM>.A, + 4HC1 ^—v Ca(H.,I»<+ 2 CaC] 0 . 


The addition of a soluble basic hydroxide or carbonate to 
such solutions results in the re-precipitation ol the normal 
calcium salt. 

Calcium phosphate is used in agriculture as a source of tin* 
phosphorus which is essential to plant-life. 


As the normal phosphate, being insoluble in water, would not be 
cairied down by rain to the roots of the crops, the normal salt is 
transformed into soluble calcium dihydrogen phosphate by treating 
it with sulphuric acid, 

Ca,(P<) 4 ), 1 2 H..KO, ('a(fl.,l* 0 4 ) 2 i 2CaS0 4 . 


The mixture of salts thus obtained is sold under the name of 
superphosphate of lime. 


Magnesium ammonium phosphate, Mg(NH 4 )r0 4 , is ob¬ 
tained as a colourless crystalline precipitate when a solution 
of a soluble phosphate is treated with a solution ol ‘magnesia 
mixture’ (a solution of ammonium hydroxide, ammonium 
chloride, and magnesium sulphate). This compound is used 
in the estimation of phosphoric acid, and is weighed as 
magnesium pyrophosphate, into which it is converted when 
it is strongly ignited (p. 510). 

Pyxophosphoric acid, ll,I\.<) 7 , is a crystalline compound, 
which is decomposed by hot water, giving phosphoric acid. 
It is much more stable in the form of its salts, which are 
prepared by the methods indicated above. 

All the acids derived from phosphoric anhydride, and the 
salts of these acids, give* with excess of a boiling solution of 
ammonium molybdate in nitric acid (p. old) a canary-yellow 
precipitate ; tin’s reaction serves as a delicate test for phos¬ 
phates, but a precipitate of similar appeaeauee. is also given by 
arsenates (p. 558). « 

The "omposition of this precipitate is roughly represented 
by the* formula 11MoO b , (NII 4 ) 3 T 0 4 , f»ii 2 (), and, as this 
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compound is soluble in phosphoric acid, a large proportion 
of ammonium molybdate must be added to the solution 
to be tested, otherwise no precipitate is formed. All the 
other acids of phosphorus give this reaction, m they are 
oxidised to phosphoric acid by the nitric acid present. 

Phosphorous acid, TI a LM may ho formed from its anhydride 
(p. 546), hut is prepared by adding phosphorus trichloride to 
cold water (p. 543) and then evaporating the solution. It is 
crystalline, and forms salts which are known as the phosphites. 

Hypophosphorous acid, Il^Ptk, or H :i POOll, is obtained 
in the, form of its potassium or barium salt when colourless 
phosphorus is heated with an aqueous solution of potassium 
hydroxide (p. 541) or barium hydroxide, 

2 1\ + 311fi(OH) 2 H- 6H,0 - 3(J[ g l>Q-0).,l*i + 2PII. r 

The solution of the barium salt is treated with dilute sul¬ 
phuric acid just sullicient to precipitate, all the barium as the 
insoluble sulphate, and the filtered solution of the acid is 
then evaporated. 

Hypophosphorous acid is crystalline and is a monobasic acid. 
This latter fact seems to show that the, molecule only contains 
one hydroxyl-group, as indicated by the above formula. 

Phosphorous and hypophosphorous acids are very active 
reducing agents, as they arc both readily oxidised to phos¬ 
phoric acid; they both precipitate gold, silver, and mercury 
(as metals) from solutions? of their salts, and even reduce 
sulphurous acid to sulphur. They both give phosphine and 
phosphoric acid when they are strongly heated, 

4P(0H)., = PII, + 3JL. $ P0 4 
SlbjPO., - PH g + H ;i P0 4 . 

Hypophoaphoric acid, H.PO ;i is formed, together with pho» 
phorous and phosphoric acids, by the atniospluuic oxidation of 
moistened phosphorus; ii is decomposed by hot mineral acids, 
giving phosphorous and phosphoric acids. 
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CHAPTER LIIL 

Arsenic and its Compounds. 

Arnenic, As 4 ; At. Wt. 75. 

Arsenic, although related to phosphorus, is a much less 
active element even than red phosphorus, and in some respects 
has the properties of ail ordinary metal. It occurs in nature 
in the free state, sometimes in distinct crystals, but is princi¬ 
pally found in combination with sulphur as the red mineral 
reaft/ar , As 2 S 2 , and the yellow mineral orpiment , As 2 S 3 ; 
arsenical pyrites or mispic/cel, Fe8 2 , FeAs 2 *, and white arsenic , 
As 2 0 3 , also occur. 

The free element is not of much practical importance. It 
is prepared by heating arsenical pyrites alone, or by heating 
arsenious oxide with charcoal; in the former case the arsenical' 
pyrites decomposes into arsenic and ferrous sulphide (FeK), 
whereas in the latter the oxide is reduced with formation of 
arsenic and carbon monoxide. The liberated arsenic volatilises 
and is condensed in suitable receivers. 

The element thus obtained is a steel-gray crystalline, brittle 
substance of sp. gr. 5*7. It sublimes at high temperatures, 
giving a yellow vapour, which consists of tetratomic molecules, 
As 4 ; at a white heat these molecules undergo dissociation. 
Arsenic is insoluble in water, and is not acted on appreciably 
by hot hydrochloric acid, but it is readily oxidised by con¬ 
centrated nitric acid, with formation of arsenic acid (p. 558). 
It oxidises superficially on exposure to moist air, and burns 
when it is heated in oxygen, giving arsenious anhydride. It 
combines readily witli the halogens. 

Arsenic exists in three varieties. When the clement is 
heated in a stream of hydrogen or carbon dioxide it sublimes 

t 

* The composition of this substance may also be represented by the 
formula t FeSAs or Fe(8,As)§; in the latter case, the formula indicates that 
oome of tb r * sulphur has been displaced by arsenic, or vice rersd. 
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(rapidly at alxmt 450°), and is deposited near the source 
of heat in silvery crystals (ordinary arsenic); farther from 
the source of heat a black, lustrous crystalline deposit (sp. 
gr. 4*7) is formed, and farther still a yellow ’crystalline 
deposit (sp. gr. 3’9). The yellow form is soluble in carbon 
disulphide, and from ebullioscopic determina¬ 
tions it is found that its .molecular formula 
is As 4 . 

Arsine or hydrogen arsenide, AsH 3 , is 
not formed when arsenic and hydrogen 
are heated together, but is easily obtained, 
mixed with a large proportion of hydrogen, 
by treating arsenic compounds with zinc and 
hydrochloric or dilute sulphuric acid. Under 
these conditions most arsenic compounds are 
probably first transformed into arsenious acid, 

H 3 As() 3 , or arsenic acid, H ;i As0 4 , as the case 
may be, and these compounds are then 
reduced; the reactions, therefore, may he 
expressed by equations such as, 

H,AaO s + 6H = As! 1 ;! + 3H a O 
II 3 As("), + 8H = AsTI n + 4H 2 0. 

The formation and some of the properties 
of arsine are easily demonstrated in the 
following manner; but as the gas is highly Fig. 108. 
poisonous great care should ho taken not to 
inhale any of it, and the experiments should be carried out in 
a draught cupboard.* Hydrogen is generated from zinc and 
dilute sulphuric acid in the apparatus shown in (ig. 108, and 
is dried with the aid of the small calcium chloride tube. 
When it has been proved that the air has been expelled from 
the apparatus (p. 102), hut not before this has been done, the 
escaping hydrogen is -lighted at the outlet. A small quantity 
of arsenious anhydride, say 0 - 01 gram, is then dissolved in 

* Similar precautions should bo observed in forking with other .volatile 
compounds of arsenic, and also with thoso of antimony and mercury. 
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1-2 c.c. of dilute hydrochloric acid, ami some of the solution 
is poured down the thistle funnel. Almost immediately the 
ilame becomes pale blue, and ‘smoke’ rises from it; these 
changes art* due to the presence of arsine, which burns in a 
plentiful supply of air, forming arsenious anhydride and water, 

2AsHj, + .V K - As 2 < > 3 + 3H./_). 

Like hydrogen iodide, hydrogen sulphide, ammonia, plios- 
phine, and many other hydrogen compounds, arsine is 
decomposed into its elements when it is heated alone. 
This decomposition takes place, to a great extent, in the 
hydrogen flame (before the amine inside, the Ilame comes into 
contact with atmospheric oxygen); and when any cold object, 
such as a porcelain l»isin, is slowly passed through the ilame, 
the arsenic vapour contained in the ilame is condensed, giving 
a black, lustrous deposit. 'I'llat. this decomposition of arsine 
into its elements is easily brought about may he shown by 
gently heating the outlet-tube near the bottom with a very 
small Bimsen-llauie; a dark mirror or lustrous film is deposited 
above the heated portion of the tube, ami the hydrogen flame 
loses its bluish colour and no longer smokes. 

A distinct mirror may be obtained under the above con¬ 
ditions eveni when only about O’Ol milligram of arsine is 
generated, so that by this method or test, known as Marsh’* 
testy the presence of any arsenic compound in any material is 
easily detected. As, however, commercial zinc and commercial 
sulphuric acid may contain arsenic compounds, the hydrogen 
evolved from these materials should he carefully examined 
before adding the substance to be tested. (Comjuire also 
footnotes, p. 296.) 

Instead of the hydrogen, necessary for the reduction of 
the arsenic compound, being generated from zinc and an acid in 
the above manner, it may be generated dectrolylically in the 
solution suspected to eoittain the arsenic compound; proper 
precautions being observed, it is said to be possible to detect 
0 0000005 gram of combined arsenic in 50 c.c. of a liquid. 
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Arsine may also lie prepared by treating zinc arsenide with 
hydrochloric acid, just as phosphine may be prepared from 
calcium phosphide and water, 

Zn.jAs.j + 611 Cl - 2AsH„ + 3ZnCl 2 . 

Arsine is sparingly soluble in water, does not. unite, with acids, 
and is oxidised by a solution of silver nitrate,‘giving arsenious 
anhydride (or acid), nitric acid, and silver, 


•2A*H 3 + 12AgNO ;{ + 311,0 -= As,C), + L2HTsO ;{ + 1 

Although both silver and arseni<*us anhydride are acted on 
by nitric acid, they are not attacked by the acid produced in 
this reaction, because it is cold and very dilute. 



OXlI»KS OF AkSKNIO. 

There are two oxides of arsenic which correspond with the 
two oxides of phosphorus, and like the latter they are both 
acid-forming oxides or anhydrides ; the lower oxide, As.,(h, 
is a common and important substance, but the higher oxide, 
As,O r> , is hardly met with except in the form of the acid, 
I1,jAs0 4 , and its salts. 

Arsenious anhydride (arsenic trioxide), As 2 0 8 , known 
commercially as ‘ white arsenic,’ is obtained as a by-product 
in many metallurgical operations. 'When ores or minerals 
whieli contain awinriex (compounds of arsenic with a metal) 
are heated in the an*, those compounds are oxidised, and 
arsenious anhydride udatilises ; the vapour is then condensed 
in chambers or in long Hues (p. 586). The crude product is 
purified by heating it in cylindrical iron retorts, and con¬ 
densing the vapour in a series of chambers ; as these get hot 
the sublimed anhydride softens, and solidifies on cooling to 
a vitreous amorphous mass, which at ordinary temperatures 
very slowly changes into a white, porcelain-like solid, as the 
result rtf crystallisation. When arsenious anhydride is slowly 
heated (in a glass tube) it softens at about 200° and then 
volatilises; the vapour condenses directly to the solid state, 
giving a beautiful crystalline sublimate. * 



556 


ARSENIC AND ITS COMPOUNDS. 


The density of this vapour corresponds with that required 
by the molecular formula As 4 () (P hut at high temperatures 
(above 700°) dissociation occurs and molecules, As 2 0 3 , are 
formed; 'as in the case of the oxides of phosphorus, the 
complex molecules may be regarded as associated molecules. 

When arsenious anhydride is mixed with some dry ground 
charcoal, and the mixture, covered with a little more charcoal, 
is heated in a tube (beginning at the top), a lustrous mirror 
of arsenic is formed, owing to the reduction of the anhydride 
and the deposition of the element, 

2As 2 0 3 + 6U = As 4 + 6CO. 

Arsenious anhydride is only very sparingly soluble even in 
hot water. The solution has an acid reaction to litmus, and 
doubtless contains arsenious acid, 

As 2 U 3 + :JH 2 0 - 2H a AsO„ or 2As(OH) 3 ; 

but when evaporated, even at ordinary temperatures, it gives 
a crystalline deposit of arsenious anhydride, a fact which 
shows that the acid is very unstable. The anhydride dis¬ 
solves chemically in solutions of the alkali hydroxides and 
in those of the alkali carbonates (liberating carbon dioxide), 
giving salts of arsenious acid, which are called arsenites. 

The arsenites of sodium and potassium are readily soluble 
in water; but the normal salts of these metals, like the 
soluble normal phosphates (p. 548), are* hydrolysed by water, 
giving alkaline solutions, 

As((TNa) 3 4- H 2 0 = As(ONa) 2 ‘OH + NaOH. 

Silver arsenite, As(OAg) 3 , is formed as a jwile-yellow pre¬ 
cipitate on silver nitrate being added to a solution of sodium 
arsenite. 

Srheele'jt green or mineral green, is manufactured for use as a 
pigment by gradually adding a solution of copper sulphate to a 
solution of sodium arsenite, and theu washing the precipitate with 
.water; it lias approximately the composition CiiHAh0 3 , and may 
| be regarded as copper hydrogen arsenite. 
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ArRenious anhydride and arsenious acid are mild reducing 
agents. Thus they reduce nitric acid (see below) ; they also 
reduce the halogens to halogen acids in aqueous solution, 

IIgAsO ; j + Ig + HjjO == H s Ah0 4 + 2HI. 

In the case of hydrogen iodide the reaction is readily 
reversible, but not in presence of sodium hydrogen carbonate, 
which converts the acid into its more stable sodium salt. 

Na s AsO a + H 2 0 + I 2 + 2NaH('O s = 

Na 3 As0 4 + 2NaI + 2C0 2 + 2H 2 0. 

A standard solution of arsenious anhydride in excess of 
sodium bicarbonate is often used for the estimation of iodine 
(bromine or chlorine), and a standard solution of iodine may 
be used for the estimation of arsenious anhydride (dissolved 
in a solution of sodium hydrogen carbonate). 

Arsenic anhydride 4, (arsenic pentoxide), As 2 0 6 , is much 
less stable than phosphoric anhydride, and is decomposed at 
high temperatures into arsenious anhydride and oxygen. It 
is not formed by heating arsenic or arsenious anhydride in 
oxygen, but is easily obtained, combined with water, as 
arsenic arid, by oxidising arsenic or arsenious anhydride with 
nitric acid or with chlorine water. 

Thus, if arsenious anhydride is warmed with excess of 
nitric acid until a brown gas (p. 528) is no longer evolved, 
the solution on evaporation gives hydrated crystals of arsenic 
acid, H s As0 4 , which when heated just below a red heat 
decompose into the anhydride and water; the anhydride is 
a crystalline solid which combines with water to form the 
acid. 

The hydrated crystals of arsenic acid effloresce on exposure 
to the air, and form pyroarsenic acid, H 4 As 2 < ) 7 , which when 
heated at 200° is converted into meta-arsenic acid, HAsO a . 
These acids are also kno.wn in the form of their salts, which 
are prepared bv methods similar to those used in the case 

* The name of the element is pronounced ar'-se-ni^ but the acid, H :1 Ab 0 4 , 
is called ar-Bcn'-ic acid. 
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of salts of the, pyro- and mcta-phosphoric. acids (p. 519); 
the salts and the free acids pass into (ortho) arsenates and 
(ortho) arsenic acid respectively when they are treated with 
water. * 

Arsenic acid, II,As( ) t or AsO(()H).., is readily soluble in 
water. In aqueous solution it is an oxidising agent; it 
oxidises sulphurous acid, for example,* 

IIjAsOj + I1,S0 3 - H 3 Ah<)., + H,S<) 4 , 

ami also hydrogen sulphide, 

II,Ast), + Ilofl - 11,As< \ { + H 2 () + R. 

Tliese reactions are of practical im]>ortance for reasons given 
later (p. 559). 

Tlie normal arsenates of the alkali metals (and of am¬ 
monium) are soluble in water, by which, however, they are 
hydrolysed, as are the soluble normal phosphates (p. 548); 
the other normal arsenates are insoluble in water, but dissolve 
chemically in acids. 

Silver arsenate, Ag,Asf) 4 , is obtained as a reddish-brown 
precipitate on adding silver nitrate to a solution of an arsenate 
(in absence of acids), 

A a.,HAs0 4 + .‘lAgX< >, =- Ag ,A s( ) 4 + 2A a A T (), + HA"<),. 


It dissolves chemically in nitric acid and in amnfonnmi 
hydroxide solution (compare silver phosphate, p. 519). 

Arsenic acid (and arsenates) and arson ions arid (and 
arsenites) give with a solution of ammonium molybdate in 
nitric acid a canary-yellow precipitate, indistinguishable in 
appearance, from that obtained with phosphoric acid (p. 550); 
but the precipitate does not form quickly unless the solution 
is heated. In this reaction, arsenious acid, if present, is first 
oxidised to arsenic acid by the nitric acid. 

Magnesium ammonium arsenate, Mg(A'lT 4 )As0 4 , is formed 
from soluble arsenates under the same conditions as magnesium 

* Tins may be shown by adding sulphurous acid to a warm solution 
containing arsenic aci<} barium 'chloride, and hydrochloric acid; after a 
few moments the precipitation of barium sulphate begins. 
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ammonium phosphate is produced from soluble phosphates 
(p. 550); it is insoluble in water, and gives magnesium 
pyroareenate, Mg 2 As 2 C> 7 , when it is heated. 


Sulphides of Ahsknic. 


There are throe well-known sulphides of arsenic, namely, 
As 2 tt 2 , As.,S ;v and As tJ S v of which the last two correspond 
with the oxides As./ ) ;i and As 2 l) fl respectively. 

The disulphide occurs as the mineral realgar (p. 552). Jtvhy 
sulphur, which is manufactured by melting arsenic with sulphur, 
lias approximately the same composition as realgar; when mixed 
with sulphur and potassium nitrate it gives a powder which burns 
with a dazzling white light (Indianfire, Bengal lights). 

Arsenic trisulphide or arsenious sulphide, As„S 3 , occurs 
in the crystalline stab* as orpiment (p. 552), and is obtained 
as a canary-yellow amorphous precipitate when hydrogen 
sulphide, is passed into a solution of arsenious acid* or of 
an arsenite to which hydrochloric acid lias been added, 


2ihAs< > + 3H.,R = As.,S., + 

O •> • ii u u 


It is insoluble in cold hydrochloric acid, hut dissolves chemi¬ 
cally in a solution of ammonium sulphide, sodium hydroxide, 
or ammonium carbonate (p. 507). When heated in the air 
it gives sulphur dioxide and arsenious anhydride. 

Arsenic pentasulphide, A si, % is formed when hydrogen 
sulphide, us passed into a warm solution of arsenic acid which 
contains hydrochloric acid ; but as some, of the arsenic acid 
may he reduced to arsenious acid with precipitation of sul¬ 
phur (see below), the jientasulphide is best prepared by 
melting the bisulphide with sulphur. It is a yellow solid, 
insoluble in hydrochloric acid. 

Dilute solutions of arsenates, acidified wi f h hydrochloric 
acid, do not give a precipitate, nith hydrogen sulphide until 
after some, time, has elapsed, and eve.*# then the first precipitate 


* A ‘colloidal solution’ {]>. 327) of arsenious sulphide is formed,unless 
the nrsenions acid solution also contains hydrochloric acid. 
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is principally sulphur, produced by the oxidation of the 
hydrogen sulphide (p. 558) ; oil continued treatment arsenioww? 
sulphide is thrown down owing to the interaction of the 
arsenious Acid and hydrogen sulphide (p. 559).* 

The behaviour of the sulphides of arsenic towards ammonium 
sulphide and towards alkali hydroxides is described later. 

Arsenic compounds are used in medicine ; most of them 
arc highly poisonous, and ‘white arsenic’ is employed in the 
manufacture of vermin-poisons, <fec. Orpiment is used as an 
oil-paint. The arscnitcs and arsenates are used in dyeing 
and in the colour industry. 

The halogen derivatives of arsenic are of the type AsX 3 , 
but fluorine also gives a pentajhioride, AsF n . 

Arsenic trichloride, AsCl.,, is a colourless liquid (b.p. 130°) 
prepared by passing chlorine over arsenic (compare PClg); it 
is hydrolysed by water, 

AsCl., + 31I a O = As(01I) 3 4 - 3TIC1, 

but the reaction is reversible, and in presence of concentrated 
hydrochloric acid hydrolysis is incomplete. Consequently, 
when arsenious anhydride (or arsenious acid) is distilled with 
concentrated hydrochloric acid, the volatile arsenious chloride 
slowly but continuously passes over with the acid. 

A study of the properties of arsenic brings to light the 
difficulty of sharply dividing the elements into metals and 
non-metals. 

* This behaviour of solutions of arsenic aciil (or arsenates) is a frequent 
source of error in qualitative analytical work. When the presence of an 
arsenate is suspected, the solution should be warmed with sulphurous acid 
and afterwards boiled to expel sulphur dioxide. In this way the arsenic 
acid is reduced and the solution then gives an immediate precipitate of 
arsenious sulphide, unaccompanied by sulphur. 
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CHAPTER UV. 

Antimony and Bismuth and their 

Compounds. 

Antimony, St> 2 ; At. Wt. 120'2. 

Antimony is very closely related to arsenic, Imt it is more 
metallic in character both as regards physical and chemical 
properties. It does not occur in the free state to any con¬ 
siderable extent, and the principal source of antimony is 
sfifmite , a black, lustrous, crystalline form of antimony tri- 
sulphide, ShjjSg; the element also occurs as the oxide Sb 2 0 3 . 
Antimony is obtained from stibnite by heating the ore with 
iron in crucibles (made of a baked mixture of graphite and 
clay), which arc placed in a furnace ; the. sulphide is thus 
reduced and the melted antimony is poured olF, 

Sh 2 S 3 + 3Fe Sb 2 + 3FeS. 

Another method is to heat the ore in a reverberatory 
furnace (p. 587) until the sulphide is partly converted into 
oxide, with formation of sulphur dioxide; the mixture of 
the oxide and unchanged sulphide* is then heated in crucibles 
with charcoal and sodium carbonate, whereupon the oxide 
and sulphide act on one another, giving antimony and sulphur 
dioxide.* The chart oal reduces any remaining oxide, and 
the melted sodium carbonate which forms a layer at the 
surface prevents the volatilisation of the antimony. 

. Antimony is a bluish-white, lustrous, crystalline substance 
of sp. gr. 6’7, and is so brittle that it is easily powdered. 
It melts at 630° and vaporises only at very high temperatures ; 
its vapour probably consists of diatomic molecules, Sb 2 . It 
burns when it is very strongly headed in the air, forming 

* This principle is applied in the preparation of several metals, as, for 
example, in the ease of lead (p. 593} and copper (7>. 651). * 

lOOfR. 2 J 
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antimony trioxide (and also tlu\ tetroxide), and it is oxidised 
1 »y nitric acid, giving oil. her I Tit* Dioxide or Hie arid domed 
from tlin pentoxide according to tin* conditions. It is not 
attacked by boiling concent rated hydrochloric acid* except 
in presence of air, Avlieii it yii Ids antimony trichloride, 

2 SK + 12IIC1 + 3<>., --- lSbCl ;i + 01 1,0. 

Antimony is used in the preparation of certain alloys 
mentioned later (j,p. 589, 597). 

Stibine or antimony hydride, KblT,., is a very poisonous 
gas,f and is formed from antimony compounds in just the 
same way as arsine is produced from arsenic compounds 
(p. 553). The formation and properties <»f stihine may 
therefore he demonstrated by generating the gas by tile 
reduction of sonic antimony compound (say 0‘05 gram) in 
Marsh’s apparatus (lig. 108, p. 553). Shortly after the 
antimony solution has been added the flame of the burning 
hydroge.n acquires a bluish-gray appearance, und fumes of 
antimonious oxide are formed, 

2Shll 3 + 30,--- SI,/ ). + :m 2 o. 

The gas, like arsine, is decomposed when it is heated, and a 
cold porcelain basin slowly passed through the flame becomes 
roated with a black film of antimony, rather darker than, and 
not so lustrous as, the film obtained in the case of arsine. 
When the glass tube through which the stihine is passing is 
gently heated, a ‘mirror’ of antimony is deposited close to 
the source of heat. Minute quantities of antimony com¬ 
pounds may be thus detected. 

The film of antimony obtained on the- porcelain basin or 
in the glass tube may he distinguished from that of arsenic 
very easily, as it is imtolubb in a dilute solution of bleaching 
powder or sodium hypochlorite or nitric acid; the arsenic 

* Many metals which are not. attacked hy hydrochloric acid alone are 
acted on by .the acid in the pAsence of oxygen, the reaction in the latter 
cane being more atrongly exothermic owing to the tmmiltaueoitK oxidation 
of the nascent hydrogen. Compare p. M40.) 

+ Coiapare footnote, p. 
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film disappears when it. is treated with nun of these, reagents 
because the element is oxidised to arsenic acid. 

Stibine may he prepared by treating rJnr anfiwonirlo, a com 
pound of zinc and antimony, with dilute hydrochloric acid, 


Zn a Nh, + 61LC1 - 2KblT, + dZnCLj. 

The gas obtained in this way may ho freed from hydrogen 
by passing it through a tube cooled in liquid air, when the 
stibine solidifies. Arsine may be separated from hydrogen 
in a similar manner. 

Stibine, like amine, decomposes silver nitrate in aqueous 
solution, but t he results are very different; whereas the 
arsenic in arsine is converted into arsenious anhydride which 
remains in solution, the antimony in stibine is prteqritaUid as 
a black powder (silver antimonide), 

Rhir s + 3 AgN (), -- ShAg 3 + 3HN()g. 

Thes(! reactions may serve for the separation of ‘arsenic’ 
from ‘antimony’ (footnote, p. 428). 


Antimony Trioxidb and Salts derived from it. 

Antimony forms two oxides, Sb.,() 3 and Sb. 2 0 5 , which are, 
similar in type to the corresponding oxides of arsenic; but 
the lower oxide of antimony, unlike arsenious anhydride, is 
a basic oxide, and with acids it gives corresponding salts, the 
autimoniaus salts, ami water. Although a basic oxide, its 
basic properties are not very decided; in consequence, the. 
antimoniouH salts are hydrolysed hy water, and weak acids, 
such as carbonic acid, do not give salts with the oxide. 

Antimonious oxide or antimony trioxide, Sb 2 0, p may be 
obtained by heating antimony in the air or with dilute nitric 
acid. 

As these products may contain the pentoxido, the pure 
compound is prepared by boiling antimony oxychloride (see 
below) with a solution of sodium* carbonate, washing th i 
residue (SbO'Oll) with water, and theij igniting it in absence 
of air. 
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It is a pale buff-col mi red crystalline substance, practically 
insoluble in water ; it volatilises only at vory high tempera¬ 
tures, and is easily reduced when it is heated with carbon or 
in a stream* of hydrogen. 

Antimony trichloride, SbCl 3l is formed when the trioxide 
(or the trisulphrde, p. 566) is dissolved in concentrated 
hydrochloric acid, 

Sh 2 0 3 + 6HC1 = 2SbCl 3 + 3H 2 0; 

but as it is hydrolysed by water (see below), the pure 
anhydrous salt is prepared by gently heating an excess of 
antimony in a stream of dry chlorine and then distilling the 
product.* 

It is a soft crystalline substance (m.p. 73°), boiling at 223°, 
and is sometimes called ‘butter of antimony/ It dissolves in 
concentrated hydrochloric acid; but when this solution is 
poured into water the trichloride is hydrolysed, giving an 
insoluble basic salt (p. 510), antimony oxychloride, SbOCl, 

SbCl 3 + H 2 0 = SbOCl + 2HC1. 

On excess of concentrated hydrochloric acid being added, the 
above reaction is reversed and the oxychloride is converted 
into the soluble trichloride. 

Antimony trioxide dissolves chemically in an aqueous 
solution of potassium hydrogen tartrate (p. 283), and on 
the filtered solution being evaporated colourless crystals of 
tartar emetic , C 4 H 4 O ( .(»Sb0)K, \ II/),f are obtained; this 
compound is used in dyeing, and in medicine (as an emetic). 

Antimony Pentoxide, Antimonic Acid, and Antimony 

Pkntach loride. 

When antimony is warmed with excess of concentrated 
nitric acid it is converted into a white powder which is 

* Compare footnote, p. 553. 

t Thin formula merely gjyes the composition of the salt, and showa that 
I two molecules of the tartrate oontain one molecule of water of hydration. 
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insoluble in the acid; a similar insoluble substance is formed 
when antimony pentachlorido (see below) is boiled with a 
large volume of water. Judged by analogy with phosphorus 
and arsenic, this product should have the composition, H 8 Sb0 4 , 

BbCl, + 411,0 «Il,Sb0 4 + 6IICI; 

but the substance actually produced is not constant in com¬ 
position, and is probably a mixture of antimonic acid, 
H 8 Sb0 4 , and metantimonic, HSbO„ (corresponding with 
metaphosphorie acid). It dissolves chemically in solutions 
of the alkali hydroxides, giving antiviomks, and when heated 
gently it gives a yellow residue of antimony pentoxide, or 
antimonic anhydride, Sh,0 6 . 


Potassium metantimonate, KSbO ; „ is produced when antimony is 
cautiously heated with potassium nitrate; when treated with water 
it is converted into soluble potassium dihydrogen pyroantimonate, 

2KShO s +H.,0 -= K a H 2 Sh a 0 7 , 

and this solution gives with a solution of a sodium salt an almost 
insoluble precipitate of sodium dihydrogen pyroantimonate, 


K,II.,Sb a 0 7 +2NaCl = Na,II. 2 Sl>o0 7 +2KC1. 


Potassium metantimonate, therefore, is occasionally used in testing 
for sodium salts. 

An oxide of the coinposition Sb./) 4 , which may he regarded as 


. . /\ 
mUmoniom nntimonate , 0=Sb -O .Sb, that is to say, as the 


antimony salt of aulimonic acid, is known. It is formed when the 
trioxide or the pentoxide is heated in the air, in the one case with 
absorption, and in the other with liberation of oxygen. 


Antimony pentachlorido, SbCl 5 , is formed when antimony 
is treated with excess of chlorine, and when chlorine is led 
over antimony trichloride (compare phosphorus pentadiloride); 
it is purified by distillation, and is a colourless fuming liquid 
boiling at 140°. like phosphorus pentaeliloride, it dissociates 
when it is strongly heated; * it dissolves in cold water, and 

may he obtained again from the solution in hydrated crystals; 

i * 

* Probably this is the reason why the b,p, is lower than that of SbC^. 
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but it is decomposed by boiling water, giving antimonic acid 

(p. r>(>5). 

Antimony pen tael] ioride is an acid chloride, and not a .salt 
of hydrochloric acid; it does not yield chlorine when it is 
warmed with concentrated sulphuric acid and manganese 
dioxide. 


Sulphides op Antimony 


Antimony forms two sulphides which are closely related 
to the corresponding sulphides of arsenic and yet differ from 
the latter in certain important respects. 

Antimony trisulphide, 8 IyS ;i , is obtained as an orange-red 
precipitate when hydrogen sulphide is passed into a solution 
of an antimonious salt, 

281*01., + 3H,8 = SlyS., + 6KC1. 


It is chemically soluble in hot concentrated hydrochloric 
acid, a property in which it differs from arsenic trisnlphide, 
but like, the latter it dissolves chemically in solutions of alkali 
hydroxides and of ammonium sulphide (see below); it. is not 
acted on by a solution of ammonium carbonate (compare 
arsenic trisulphide, p. 5. r >9). 

The great difference in colour between native antimony 
sulphide (stihnite) and the precipitated .sulphide skeins to 
be due to a difference in physical structure ; the, orange 
precipitated sulphide, which seems to be amorphous, when 
melted out of contact with the air gives on cooling the gray 
crystals of stilmite. 

Antimony pentasulphide, 81 yS r> , is obtained as an ap¬ 
parently amorphous orange-red precipitate when hydrogen 
sulphide is led into an acid solution of an antimonate; when 
heated with concentrated hydrochloric acid it gives antimony 
/nchloride, hydrogen sulphide, and sulphur. 


Sb.,8, + filiqj - 2SbCl 3 + 3H 2 S + 28, 


and with alkali hydroxides and sulphides it gives the 
pounds mentioned bel#w. 


com- 
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The behaviour of the sulphides of arsenic and of antimony 
(and of tin, p 59*2) towards ammonium sulphide and alkali 
hydroxides is of some importance, because these reagents are 
used in separating the sulphides just named from other 
sulphides which are precipitated by hydrogen sulphide in 
presence of dilute hydrochloric acid. As regards the action 
of ammonium sulphide, it is important to note that the 
ordinary yellow laboratory reagent contains not only am¬ 
monium sulphide, (NTI 4 ) 2 S, and ammonium byd'-osulpbide, 
(NH ( )1IS (p. 207), both of which give colourless .solutions, 
hut also substances known as ammonium p-dysulphidos ; the 
latter are formed by the eomhuuition of the sulphide with 
sulphur which is produced by the atmospheric oxidation of 
the hydrosulphide, 

4(A’ H 4 )1I8 + O, --- 2(NH 4 ) a S + 2S + 2H 2 G, 

and may he represented by formula* sucli as (XH 4 ) 2 S, S or 
(NTI 4 ) 2 S, H. r 

Now, just as the trioxide and pentoxide of arsenic, by 
combination with the elements of hydrogen oxide (water), 
give rise to arsetuous and arsenic acids respectively, so also 
theoretically the two sulphides of arsenic might give rise to 
corresponding acids by combination with hydrogen sulphide. 
These acids would be H ;i AsS, and II 3 AsS 4 respectively: they 
would contain sulphur in - the place of an equivalent quantity 
of oxygen, but they would be of the same type as arsenious 
and arsenic acid respectively, and might therefore, be called 
thio-orteuion* oeid and thio-arnenic acid respectively. 

As a matter of fact, thio-arsenious and tbio arsenic acid are 
not. known, but mdfx derived from these acids are actually 
formed when the tri- and ponta-sulphides of arsenic are 
treated with a solution of ammonium sulphide, 


As,S :t + 3(N I I,). ( S « 2(NTr,y,AsS., f 
AsX, + 3(N1l 4 )]8 =■- 2 (NH 4 ).,AsS 4 . 

In an exactly similar manner the fri- aiul penta-sulphides 
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of antimony give rise to salts of thio-antiinonious and ihio- 
antimonie acids, 

Sb.,vS 3 + 3(NII 4 ) 2 S = 2(NH 4 ) 3 SbS 3 
• Sb 2 S 5 + 3(JSTJI 4 ) 2 S --- 2 (N H 4 ) ;j SbS 4 . 

These compounds are formed when colourless ammonium 
sulphide is used, but this solution acts on antimony tri- 
sulphide only very slowly. When yellow ammonium sul¬ 
phide is employed, the thio-arsenite and thio-antimonite 
combine with the sulphur of the ammonium polysulphide 
(just as arsenites and antimonites take oxygen from certain 
compounds), and are thus converted into thio-arsenates and 
thio-antimonates respectively, 

(NH 4 ) s AsS # + (NH 4 ) 2 8,S = (NH 4 ) 3 AsS 4 + (NH 4 ) 2 S. 

Antimony trisulphide is acted on much more readily by 
yellow ammonium sulphide than by the colourless solution. 

When a solution of any of these thio-salts is treated with 
an acid, the thio-acid is liberated, but it immediately decom¬ 
poses into hydrogen sulphide and a metallic sulphide, which 
is precipitated, 

211 3 AsS 3 = As.,S 3 + 3TI a S 

2 H 3 SbS 4 = Sb“s‘ r> + 3H“,S. 

These reactions bring out very well the close relationship 
which exists between oxygen and sulphur in many of their 
compounds. 

When the sulphides of arsenic, antimony, and tin are 
treated with a solution of an alkali hydroxide, instead of 
with ammonium snlphidc, a mixture of the oxygen acid and 
the sulphur acid is obtained in the form of their salts; thus 
ar-cnie trisulphide gives with potassium hydroxide a mixture 
of potassium arsonite and potassium thio-arsenite, the forma¬ 
tion of which may be expressed as follows: 

As 0 iS. } + 6KftH - 2K 8 ArO, + 3H*S 
t 3lf 2 S + 6Jv0TI-3K 2 S + 6H 2 0 

As 2 S 8 + 3K 2 S = 2K 3 AsS 3 , 
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or 

2As 2 S 3 + 12K0H = 2K 3 As0 3 + 2K 3 AsS 3 + 6H 2 0. 
Similar reactions occur in other cases. 

Bismuth, Bi 2 ; At. Wt. 208. 

Bismuth is found principally in the free state, hut it also 
occurs combined with sulphur,.as bismuth ylance, Bi 2 S a , and 
with oxygen as bismuth ochre , Bi 2 O g . It may he obtained 
by simply heating the crushed rock material in which the 
free metal is contained, and allowing the melted bismuth to 
run into moulds. 

As only the free bismuth is extracted by this process, and 
many ores contain the combined element, a better process is 
to heat the ores with charcoal, iron, and some flux (compare 
antimony, p. 561) in a suitable furnace; the whole of the 
metal then collects under the slag, and is afterwards run off. 

Bismuth has a bright silvery lustre, tinged with red. It 
is highly crystalline and very brittle. Its sp. gr. is 9 8, ami 
it melts at 270°. It is used in the preparation of several 
alloys, and its compounds are employed in medicine. 

Certain alloys composed of bismuth (m.p. 270°), tin 
(m.p. 232 c ), and lead (m.p. 326°) melt at low temperatures, 
anil are used for various purposes under the name of fusible 
alloys. Rosa’s metal , composed of bismuth (2 parts), tin 
(1 part), and lead (1 part), melts at 94°; an alloy ( Wood’s 
metal) of even lower melting-point (605°) may be prepared 
by mixing together bismuth (4 parts), tin (1 part), lead 
(2 parts), and cadmium (1 part). 

Bismuth is converted into its trioxide when it is stmmrly 
heated in the air. It, combines with the halogens, giving 
compounds of the type BiX s , and is readily acted on by 
concentrated nitric acid, giving bismuth nitrate. It does 
not combino with hydrogen. 

Bismuth nitrate, Bi(N0 3 ) 3 , is obtained in colourless 
hydrated crystals when bismuth, or its oxide, hydroxide, 
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or carbonate is treated with nitric acid and the solution is 
evaporated. The salt cannot be puriiiod by recrystallisation 
from water, but may be recry.stallised from dilute nitric acid; 
its solution'in nitric acid gives, with a large volume of water, 
a colourless precipitate of a basic salt., owing to the occurrence 
of hydrolysis, 

Bi(U< > a ) 3 + 21U > P»i(< >11) ,N( > 3 4- 2IIN() 3 . 

The nature of the basic salt depends on the conditions of 
the experiment; when the precipitate is well washed with 
water it has the alx>ve composition, and is used in medicine 
under the name of bismuth o.nj-vitratr or snhnHra.fr. The 
basic salt is reconverted into the normal salt, and passes into 
solution when it is treated with nitric acid. 

Bismuth trichloride, BiCl 3 , is obtained by heating bisnmtli 
in a stream of chlorine. It is a colourless crystalline sub¬ 
stance, and boils at 435° Like the nitrate, it is hydrolysed 
by water, giving a white insoluble basic salt, bismuth oxy¬ 
chloride, 

BiCl 3 + TLO - BiOCl + ‘2MCI. 

This reaction, which is readily reversible, is employed in 
testing for bismuth. 

Bismuth hydroxide, Bi(OlI).,, is obtained as a white 
lloceulent precipitate when ammonium hydroxide or an 
alkali hydroxide is added to a solution of a bismuth salt; 
it is a basic hydroxide, corresponding to the bismuth salts 
just described. 

Bismuth trioxide, Bi./> 3 , prepared by beating tin* 
hydroxide or nitrate <»f bismuth, is a yellow basic oxide, 
and with strong acids it gives the bismuth salts. 

Bismuth sulphide, Bi._,S 3 , is obtained as an almost black 
precipitate when a solution of a bismuth salt, acidified with 
hydrochloric acid, is treated with hydrogen sulphide,, 


2 Hi Cl., + = BLS 3 + OHCl. 


Unlike the sulphides ( of arsenic and of antimony it is not 
soluble in. ammonium sulphide. 
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Bismuth is said to form several oxides in addition to the 
basic oxide, l»i 2 0 3 Thus when bismuth hydroxide, suspended 
ill a solution of potassium hydroxide, is treated with chlorine, 
it undergoes oxidation, and yields products to which the 
formuke l>i.,0 4 and Iii. 2 <). liave hee.n given. On tiie other 
hand, when the suspension of the* hydroxide is treated with 
stannous chloride the hydroxide is reduced to a black solid, 
which seems to have the composition l»iO. 

Vanadium, V, at. wt. 5] 2, was first obtained by Roscoe. 
It forms five compounds with oxygen--namely, Vj), VO, 
V 2 0,,, VO.,, and V 2 O iV Niobium, Nb, and tantalum, Ta, are 
closely related to vanadium. Tantalum filaments are used in 
electric lamps. 


The Relationship between the Elements of the 
Nituogen Family. 

When the properties of the live elements, nitrogen, phos¬ 
phorus, arsenic, antimony, and bismuth are compared, it is 
seen that although there is a great difference between, say, 
nitrogen and phosphorus, or phosphorus and arsenic, as 
regards physical properties, there is considerable similarity 
in chemical properties. 

The frve elements form corresponding compounds of the 
same type, and the properties of these corresponding com¬ 
pounds are on the. whole very similar; for the.se. reasons the 
elements are. classed together in the. ‘ nitrogen family.’ 

Now, just as in the case of the. members of the halogen 
family, tho relationship between the five elements of the 
nitrogen family is most clearly observed hy arranging these 
elements in the order of their atomic weights; when this is 
done the dissimilarity, between any two successive elements 
is seen to he the expression of a gradual and regular 
change. * 

As an example of this change in physical properties the 
specific gravities may be noted; hut it must at the same time 
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be pointed out tlmt in tlic ease of some physical properties, 
such as melting-point, the change is by no means so regular: 

. Nitrogen. Phosphorus. Arsenic. Antimony. Bismuth 

At. wt. . 14 :n 75 120-2 208 

Sp.gr. . 1-0 (at -252°) 1-8 -2 1 3-9-57 6*7 9-8 

The relationship in chemical properties between the members 
of this family is clearly indicated by tabulating some of their 
more important compounds: 


Molecular Formula. 

Ilydi nlc. 

Chlorides. 

A 

Oxides. 

* 

N. 

Nil, 

NC1,(!) 


NA 

N.O, 

P 4 

PIT, 

PCI, 

PCI* 

PaC, 

P-P 5 

Ah 4 

AsH s 

AkCL, 


AsoOj, 

As a 0 6 

si* 

NI)H., 

o 

SbCI 3 

SbCI* 

Sl» a () 3 

Sb„0 5 

Hi.. 


BiCI, 


Bi 2 C) 3 

Hio() 5 


From the similarity in type in the case of any series of corre¬ 
sponding compounds if is clear that the live, elements show 
the same valencies. In their hydrides and chlorides they are 
all tar valent, hut some of them also form halogen compounds 
(PC1 5 , AsF 5 , SbCl 5 ) in which they are cpiinquevalent. 

In their lower oxides of the type X. 2 0 ;1 they are also ter 
valent, as indicated in the formula O-X — 0-X = 0, hut 

in their highest oxides, X 2 O r> or q^>,X - 0 - X^y they are 

quinquevalont. 

In the case of any series of corresponding compounds 
there is a gradual change ill passing from the derivatives of 
nitrogen to those of bismuth. The nature of this change 
may he summarised in the statement that those properties 
which characterise a non-metal gradually become less marked, 
while those pertaining to a metal gradually become more 
pronounced. Thus one of the respects in which non-metals 
as a class differ from metals is that the former give gaseous 
or readily volatile hydrides. In this family, four out of the 

* The allotropie forms of phosphorus and those of arsenic have different 
specific gravities; hence*ilie wide range given above. Except in the case 
of nit’-ogeh, the values refer to ordinary temperatures. 
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five elements give rise to such hydrogen compounds; hut the 
stability of these hydrides, as indicated by their heats of 
formation or by the temperatures at which they rapidly de¬ 
compose, diminishes regularly in passing from ammonia to 
stibine; the solubility of the hydrides in water and the 
stability of their salts also diminish regularly, the com¬ 
pounds of arsenic and of antimony being only sparingly 
soluble and giving no stable salts.. 

On turning to the chlorides and the oxides, the gradual 
weakening of the non-mctallic character of the clement is 
more distinctly noticeable. The trichlorides of nitrogen 
and of phosphorus undergo a non-reversible hydrolysis in 
aqueous solution ; the trichlorides of the other three 
elements are also hydrolysed, but the changes are reversible, 
and increasingly so under similar conditions in passing from 
arsenic to bismuth. The lower oxides, which correspond 
with these chlorides, afford a similar illustration; those of 
nitrogen and of phosphorus have the properties of anhy¬ 
drides ; arsenious oxide is an anhydride, but may also act as 
a weak basic oxide towards strong acids; antimonious oxide 
shows acidic properties, hut its basic chamcter perhaps pre¬ 
dominates ; bismuth trioxide is distinctly a basic oxido. 

The highest oxides, X 2 O 0 , except that of bismuth, are all 
anhydrides, but the acids derived from them become weaker 
in passing from nitric to metantimonic acid. 

Although the general relationship between the members 
of this family is so clearly established by the illustrations 
• given above, it must be again pointed out that in this, as in 
other families, individual elements show abnormal properties, 
and that judgment by analogy must not take the place of a 
knowledge of facts. In this family notable examples of such 
irregularities cannot fail to attract attention; the existence 
of the oxides N 2 0 and NO, the non-existence of the acid 
H 3 N0 4 , or of salts derived from it, nnd the fact that only 
phosphorus and antimony form pentachlorides are cases of 
this kind. ' * 
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As Towards the constitutions of the various compounds 
derived from llm elements of Idiis family, if may 1 m; observed 
that those of the nitrogen compounds may lx; taken as repre¬ 
sentative,* except of course in flm ease, of the acids II ;j X(). 
and H 3 XO t| and their derivatives. 

The structure of phosphoric acid is expressed by the 

A)H 

formula O - P^-OH ; this expression is based on considera- 

X 01I 

tions such as the following: Phosphorus forms a penta- 
chloride which is hydrolysed by water, giving TI..PO,,. When 
a chloride is hydrolysed the process always consists primarily 
in the displacement of univalent chlorine atoms by univalent 
hydroxyl-groups. In most cases this is clearly established 
by the fact that the number of hydroxyl-groups in the pro¬ 
duct of hydrolysis corresponds with the number of chlorine 
atoms which have been displaced. In cases where this is not 
so, the formation of the final product can always be accounted 
for by assuming the occurrence of a secondary reaction, in 
which the hydroxyl-groups, acting in pairs, give rise to 
water. < hie oxygen atom from each pair of hydroxyl-groups 
thus becomes combined by both its hooks or valencies to the 
clement with which it remains united, as indicated by the 
expression, 

X<°I[-X:0 + H„0; 

Nm J 

the process, in fact, is a reversal of that which occurs 
when an oxide is transformed into the corresponding 
hydroxide (p. 408). 

Now, these generalisations being applied to the hydrolysis of 
phosphorus pentachloride, the first change probably results 
in the formation of a compound, 1 *Cl.,(0H) a , which loses the 

/Cl 

elements of water, giving phosphorus oxychloride, O = P^- Cl; 

. * x °! 
limber 'hydrolysis then leads to the production of phosphoric 
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acid, the molecules of which, therefore, doubtless have the 
structure O T*(01 F) t 

This view is confirmed by llus fact that phosphoric acid 
is fribasic, because in hydroxy-acids all the displaceable 
hy< Irogon is contained in hydroxyl-groups (p. 41)2) j also by 
a study of the relation between phosphoric acid, mota- 
phosphorie acid, pyrophosphorio. acid, and otlier compounds. 
jVlctaphosphnrie acid is the first product of the action of 
water on the pentoxide; if the structure of this oxide is 

represented by the formula ^ then, since one 

molecule of the oxide gives two molecules of the hydroxide 
or acid, and tin* production of the latter probably occurs in 
the usual manner, the structure of the resulting compound 

imid je^\.P~0 — JI. 

<)'/ 


Since metaphosphorie acid combines directly with water, 
giving phosphoric acid, and in this reaction the grouping 
'>P = f ) becomes >P(()II) ;! , the above view of the constitution 
of phosphoric acid is confirmed. The fact that a tetrabasir 
acid, namely, pyrophosphoric acid, is formed from two mole¬ 
cules of phosphoric acid by the elimination of one molecule 
of water is also in accordance with the above structural 
formula, and the constitution of pyrophosphoric acid is 
Oil A HI 
written 0 - P< (>—P -0 . 

N)I 1 "OH 


Although phosphorous acid is a relatively simple com¬ 
pound, and its formation from phosphorus trichloride, would 
seem to leave little room for doubt as to its constitution, it 

is not certain whether its structure is P(OII) 3 or (II()) 2 P<^^j 

Towards basic hydroxides it behaves as a rft-basic and not 
as a /n-hasie acid, a fact which .teems to show that t,he 
original product of the hydrolysis of Ptd 3 undergoes a change 
in structure into the compound represented by the second 
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of the above formulae. Such a change in structure which 
occurs within the molecule of a compound is known as an 
intramolecular or isomeric change. 


CHAPTER LY. 

The Elements of the Carbon Family, 

This family includes the very important clement carbon 
(p. 113), which is classed with silicon, tin, and lead, and 
several other elements of comparatively rare occurrence. The 
compounds of carbon are so numerous .and so different in 
general behaviour from those of other elements that it is 
convenient to consider them collectively in separate text¬ 
books.* At the same time there are certain carbon com¬ 
pounds, such as the oxides (pp. 62, 120),f carbonic acid and 
its salts l (p. 271 et w/.), and a few other acids composed of 
carbon, hydrogen, and oxygen (p. 277 et seq.), which should 
be studied in a first-year course, and which, consequently, 
have been described in Part L 

In dealing, then, with the elements of the carbon family it 
is unnecessary to give here any further account of the com¬ 
pounds of carbon ; a few of them are mentioned later, but 
only incidentally. 

* Organic Chemistry , Perkin and Kipping (W. & 11. Chambers, 7s. 6d.). 

f Oarbon Buboxlde, is formed when malonic acid is heated with 

phosphorus pentoxide, 

CH 2 ( COOH ) 2 +2 P 2 0 5 =C^O-j 4 4HP0 3 . 

It is a poisonous, disagreeably smelling gas, which decomposes at ordinary 
temperatures with separation of carbon; when treated with water it gives 
malonic add. 

t Peroarbonlo aoid, H0-C0|)-0*C0*0H, is obtained in tho form of a 
lalt. by the electrolysis of fjolutioriH of the acid alkali carlxmates (coirpare 
perwulpMafic acid, p. 495). The free acid is not known. 
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Silicon, Si ; * At. "Wt. 2S*3. 


Silicon, next to oxygen, is the most abundant of all 
elements, and its oxide, silica, is the most important com¬ 
ponent or constituent of igneous or primary rocks (j». 290). 
The free oxide occurs in the pure crystalline stale as colour¬ 
less quartz or rock-crystalcoloured, slightly impure varieties 
of quartz are topaz (brown) and amethyst (violet). In a 
partly amorphous condition, often coloured by various metallic 
oxides, and sometimes containing combined water, silica is 
also found in the iorm of ai/atc, ojnd, jaspfr, chahrdonip Jfint, 
&c. Most rock material, moreover, consists of mixtures of 
various silicates (pp. 290-292, GOD).f 

From sea sand, or any other impure form of silica, the 
element, silicon may be obtained by iiist. preparing pure 
amorphous silica in tlm manner already described (p. 293), 
and then reducing this oxide with magnesium (p. 294). The 


latter reaction is often a vigorous one, even when sand is 


used, smd when very linely divided silica is employed a most 
dangerous explosion may occur; for this reason the dnj 
mixture of silica and magnesium should bo spread on an iron 
plate in a layer about hall-nn-im h thick, and heated cautiously 
at the outside in order to start the reaction. Excess of mag¬ 
nesium being usoil, till! [midnet consists of a mixture of silicon 
and magnesium silicide, Mg„Si, and when it is wanned with 
dilute hydrochloric acid (p.' 294) the silicide is decomposed, 
giving silicon hydride, a gas which is spontaneously inflam¬ 
mable in the air (p. 57tf). 

The amorphous silicon, which is thus obtained in an impure 


* The molecular formula of the element is unknown, 
t Although silicon is Mich an inert element at ordinary temperatures, it 
does not occur in the free state. Like all those elements which give rise 
to stable, strongly exothermic oxides, the silicon present in the cooling 
mass of the earth doubtless combined with oxygen before the tem|K*rature 
had fallen sufficiently for the oxides of mos# of the other elements to be 
formed, and the silica thus produced bus never since been decomposed. 
Elements which occnr in the free state aie tin lie the oxides of wlsich are 
relatively easily decomposed. 

Inorg. 2 k * 
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state as a brown powder, dissolves in melted zinc, and when 
fclio solution cools crt/dah of silicon are formed ; these may 
be isolated by dissolving away the zinc with dilute sulphuric 
acid. 

Crystallised silicon is a black, lustrous substance of 
sp. gr. 2'5; it is extremely inert, but it combines with 
chlorine when it is heated in this gas, and it is also attacked 
slowly by a boiling concentrated solution of potassium or 
sodium hydroxide, 

Si + 4Na()H = Na 4 8i() 4 + 2H 2 . 

The sodium orthosilicate thus formed probably undergoes 
hydrolysis and gives sodium metasilicate, 

Na 4 8i0 4 + H. 2 () = NagSiOg + SNuOH. 

Crystalline silicon is also attacked slowly by hydrofluoric 
acid, in presence of nitric acid, which oxidises the nascent 
hydrogen (compare p. 340), 

Si 4- 4IIF SiF 4 + 4H. 

Amorphous silicon is rather more readily attacked than the 
crystalline element; thus amorphous silicon burns to silica 
when it is heated strongly in the air, whereas the crystalline 
variety does not. 

Silicon hydride or silicane, SiH 4 , is formed in relatively 
very small quantities when silicon is heated with hydrogen 
at the temperature of the electric are. It is obtained mixed 
with hydrogen and other hydrides of silicon (Si 2 H fl , Si.,H 4 ) 
when crude magnesium silicide (which, as a rule, contains 
free magnesium) is warmed with dilute hydrochloric acid, 

Mg 2 Si + 4110 = Sill 4 + MgCl 2 . 

The mixture of gases is spontaneously inflammable, prob¬ 
ably owing to the presence of the hydride Si 2 H 4 , hut pure 
silicane is not. Silicane is decomposed into its elements 
when it is passed through a red-liot glass tube. 

" Silicon tetrafluoride, SiF 4 , a colourless gas, is formed 
when fijih'ca or any silicate is treated with hydrofluoric acid 
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(p. 400 ), but as it is decomposed by water no gns is evolved 
unless the hydrofluoric acid contains a relatively small quantity 
of water. For this reason silicon 
tetrafluoride is best prepared by 
generating (anhydrous) hydrogen 
fluoride in presence of silica; this 
is done by heating a mixture of 
calcium fluoride (p. 401), sulphuric 
acid, and sand, 

CaF 2 + II 0 S0 4 = 21IF + CaS0 4 
Si0 1 + 4HF = SiF 4 + 2If a O. 

Silicon tetrafluoride fumes in the 
air and is decomposed l>y water, 
giving a gelatinous precipitate of 
ortho- or mcta-siticic acid and a 

solution of hydrofluosilicic acid, 

3SiF 4 + 4TI 2 0 = H 4 Si( ) 4 
(or H a Si(> 3 + HjO) + 21I 2 SiF (l . 

In preparing hydrofluosilicic acid 
by this method, the end of the 
delivery-tube from which the silicon Fig. 109. 

tetrafluoride escapes is dipped under 

mercury (fig. 109), and the water is then poured on to the 
mercury. Mercury must be used to prevent the stoppage of 
the delivery-tube by the gelatinous metasilicic acid. 

Hydrofluosilicic acid, H s SiF n , is only known in aqueous solution 
aud in the form of its salts ; it is a strong dibasic acid. When its 
solution is evaporated the acid decomposes, silicon tetrafluoride 
volatilises, and a solution of hydrogen fluoride remains; on con¬ 
tinued evaporation (in a platinum vessel) no residue is left. The 
salts of the acid are decomposed in a similar manner when they are 
strongly heated, 

K. 2 SiF 0 =2KF + SyF 4 . 

Potassium fluosilioate is only very sparingly soluble in water. 
Since hydroflnosilicic acid is stable in aqueoAs solution, and itr» solu¬ 
tion does not act on silica, a solution of hydrofluosilicic acid cannot 




580 THE ELEMENTS OF THE CARBON FAMILY. 


contain either HF or SiF 4 ; the acid, therefore, is not a mixture of 
211F and SiF 4 , hut a compound formed from these two substances. 

Silicon tetrachloride, Si(Jl 4 , may bn obtained bv passing 
dry chlorine over a dry healed mixture of silica aud 
charcoal,* 

Si() a + 20 + 2<J1,,- SiCI 4 + 200 ; 

but as a very high temperature is ret pared for this reaction, 
a more convenient laboratory inotliutl is to heat either 
amorphous silicon, or some, cost-iron which is rich in silicon, 
in a stream of drv chlorine. The tetrachloride is collected 
in a well-cooled receiver; it is a liquid boiling at 59 .f 

* Neither Bilioa nor charcoal alone is aated on hy chlorine, and silica is 
not acted on by carbon at the temperatures employed in this experiment 
(compare p. 512). 

■f The relation between tlie equivalent and the atomic weight of silicon 
is based principally on determinations of the vapour density of silicon 
tetrachloride aud other volatile silioon compounds, and not on an applica¬ 
tion of the law of Jiulong anti l’etit (p. 199), to xvhich silicon may be said 
to form an exception. Thus the specific heat of crystalline silicon is 0'17 
at 22°, which would give to its atomic heat a value 0*17'* 28*3=4*8, if the 
atomic weight is 28*3. 

Several other elements form ‘exceptions' to the law of Dulong and Petit, 
notably carbon and baron, and to a less extent suf/ilmr ami plnntphorus, 
inasmuch as, their specific heats being taken at ordinary temperatures, the 
values for their atomic heats aie considerably below the average (or con¬ 
stant) value, (i*4. The specific heat, however, varies very greatly with the 
temperature at which it is determined, and, as shown by tbo following 
data, the atomic heats of silicon, carbon, ami boron all approximate to the 
average value when their specific heats at hif/h 1nni>cr<itnrrx are taken 
instead of those at low temperatures : 



Hpwifie Heal 

Tcnipoiature at win 
determine') 

1 ** At mine Heat. 

Silicon (crystallised) 

. 01800 

-40° 

8*8) 

l» II 

. 0*2029 

282 

5*7 ) 

Diamond 

.' 0 1128 

IF 

131 

n 

. 0*4589 

9H5 U 

5*5 / 

Graphite 

. 0*1990 

<51° 

2*4 

II a * 

. 0*4(570 

978‘* 

5*0 

Boron 

. 0*1915 

- 40* 

2*1 \ 

ii * . 

. 0*3003 

233" 

4*3/ 

Since* it is impossible 

today at what temperatures the 

specific heats of 


the elcmeits should lie taken in order to obtain comparable values, the 
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►Silicon tetrachloride fumes strongly in the iiir ami is 
violently hydrolysed by water, giving hydrochloric acid aud 
a gelatinous precipitate of ortho (or metu) silicic acid, 

NiCl., + 411.^1-<11IU1 + 11 4 Hi( > 4 (or H,Ni<), + \ip). 

Silicon chloroform, SifKM,, is obtained as a volatile liquid 
(l».]i. 34‘) when dry hydrogen chloride is passed over heated 
amorphous silicon ; it is hydrolysed by water, and the siltco-otiho- 
formic arid, NiJI(OH).,, •which is piohahly the initial product, 
immediately passes into the mdu/dridc (UKiO)./), derived from 
siiicoformic acid, HNit)Oil. 

Silicon forms compounds with carbon, nitrogen, and many 
other elements at the temperature of the electric furnace. 
The carbon compound, silicon carbide, Nil', generally known 
aB carborundum, is prepared on the large scale by heating 
sand with coke and sawdust, at about 1950'*, a little sodium 
chloride being added as a flux. The product is a brown or 
black infusible crystalline substance which resists the action 
of nearly (‘.very substance except fused alkali hydroxides. It 
is almost as hard as the diamond (which may bo polished with 
carborundum), and it is largely used as an abrasive in cutting 
and polishing marble, in bevelling plate-glass, in sharpening 
tools, and in many oilier operations. 

Silicon dioxide or silica, Nil l, lias already been described 
(pjt. 292 and above). It is not acted on by any acid except 
hydrolluoric acid, but it is converted into sodium metasilicate 
when it is fused with sodium carbonate or when it is heated 
with a concentrated solution of sodium hydroxide; precipi¬ 
tated amor] (lions silica undergoes these changes far more 
rapidly than does the crystalline variety. 

With the aid of the electric furnace, quartz is now melted 
and made into basins, tubes, <fcc., for uso in chemical opera¬ 
tions—as, for example, in the concentration of ‘chamber acid,' 
Snob apparatus has nun great advantage over glass- - namely, 
that it does not crack when it is suddenly heated or cooled. 

i 1 

‘ nhnonuttl ’ behaviour of silicon, carbon, boron, &c., docs not detract from 
the importance of JDulong ami l'ctit's law, and |locs not throw any doubt 
on the aoMptod value# for the atomic weights of thc«« oltmnmta 
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When a cold dilute aqueous solution of sodium silicate is 
poured into excess of dilute hydrochloric acid, the resulting 
solution contains a ‘ soluble ’ colloidal acid (p. 327), which is 
possibly orthos Hide add , TI 4 Si0 4 ,* 

Na 4 Si0 4 + 4IIC1 = II 4 Si() 4 + 4NaCl. 

No precipitate is produced until the solution is heated, but 
on boiling for some time most of the dissolved acid separates 
as a gelatinous solid, which may be called metasilicic acid; 
the whole of the soluble silicic acid, however, is not con¬ 
verted into this insoluble metasilicic acid unless the solution 
is evaporated to dryness and the residue is then heated at 
about 115°. The gelatinous precipitate is not constant in 
composition; when heated it is completely converted into 
amorphous silica. 

The only soluble silicates are those of the alkali metals, 
and these compounds are formed in the manner described 
above; sodium silicate is a vitreous substance (soluble glass 
or water-glass) used in coating wood, <fcc., in order to render 
the material lireproof; also as a cement for stone and plaster 
work. 

The soluble alkali silicates are hydrolysed by water and 
cannot be recrystallised, and the composition of any product 
depends on the method of preparation; thus commercial 
water-glass has approximately the composition Na^Si 4 O fl , or 
Na 2 Si0 3 , 3Si0 2 , and is often only partially soluble in water. 

The molecular formula of silica is not known, as its vapour 
density cannot be determined, nor its molecular weight in 
solution. Judged by indirect evidence, its molecular weight 
must be very large. In the case of similar elements, their 
corresponding compounds generally show a fairly regular 
difference in boiling-point, or have boiling-points of about 
the same order. Thus carbon tetrachloride, CC1 4 , boils 
at 76°; silicon tetrachloride, SiCl 4 , at 59°; chloioform, 

* Orthosilicic acid has not lieen obtained in a pure state, nor has sodium 
ortliosilicate, and it is not known whether the ‘soluble ’ or colloidal acid is 
the ortho- or the meta-acA. 



THE ELEMENTS OF THE CARBON FAMILY. 583 


CHC1 3 , boils at 61*5°; silicon chloroform, SiHCl 3 , at 34°; 
carbon tetrafluoride, CF 4 , and silicon tetrafluoride, SiF 4 , are 
both gaseous at ordinary temperatures and pressures. Now, 
since carbon dioxide boils (sublimes) at - 79° (p. 163), whereas 
silica only volatilises at the highest temperatures of the 
electric furnace, it is concluded that the incomparably higher 
boiling-point of silica is due to its great molecular complexity; 
that is to say, it is thought that the molecular formula of 
silica is probably (Si0 2 ) n , where n is some fairly largo whole 
number. 

When identical molecules associate or combine directly, 
thus forming more complex molecules of the same empirical 
formula as the original substance, the product is often called 
a polymer uln of the simpler substance, and the change which 
the latter undergoes is termed polymerisation. The pheno¬ 
menon of polymerisation is closely related to that of associa¬ 
tion (p. 384), and it is often impossible to distinguish between 
them ; but as a general rule it may be said that the change 
is called polymerisation when there is some evidence that 
the molecules of the simple substance undergo a change in 
structure. 

Ordinary silica is doubtless a polymeride or a polymeric 
form of the simple oxide, Sif) 2 ; but there are probably many 
varieties of silica, differing from one another in molecular 
formula. 

The nature of the union between the molecules of the 
oxide, Si().„ in its polymeric forms is not known, but it may 
be that combination occurs as indicated in the following 
schemo: 

O : Si: O + O : Si: O —>- O : Si<*y>Si: O, 

and that the molecules so formed undergo a change of the 
same kind, which is possibly repeated many times. 

A comparison of the properties • of metasilicic acid with 
those of carbonic acid seems to show that the former, like 
its anhydride, also consists of highly coinplex molecules! 
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Polj/xilirir, Avith. — In addition to tlio, different polymeric 
forms of ui(?tiLsilic*.i(; acid wliicli probably exist, many other 
acids derived from the anhydride, SiO a , arc known in the 
form of their salts ; those acids are named the polysilicic 
acids, and many of their salts, like those of ortho- and 
meta-silicie acids-, are important components of the earth’s 
crust. 

Just as the hydn vide PfGll), gives rise to ortho-, pyro-, 
and meta-phosphunc arid (p. 571), so also nrthnsi/irir arid, 
8i(OlI).|, gives rise not only to motasilicic acid hut to various 
other acids having compositions expressed by the formula 
w 181(011), - ///lijjO. 'rhese acids are distinguished ns dixiliciv 
arid, triftilinr arid, and so on, according to the number of 
silicon atoms contained in their empirical formula?,, (h'tho- 
rJauf (p. 290), for example, may be regarded as a potassium 
aluminium salt of a trisiiicie acid, since 3>Si(l >1I) 4 - 111) 
would give an acid ll 4 Si <) s , the potassium aluminium salt 
of which would have, the composition of orthoelase -namely, 
KALSi 3 O s . Mica (p. 291) may be regarded as a mixture of 
the silicates KAlSit > 4 and 21IAlSi() 4> derived from orthosilicic 
acid. The compositions of such minerals are often expressed 
somewhat differently (p. 609). The great variety of rock 
materials is thus due to the, occurrence of numerous salts of 
various silicic acids, and these salts may he not only mixed 
together, hut may form isomorphous mixtures or solid solu¬ 
tions with one another (p. 323). 


Germanium, Ge, at. wt. 7'2f>, forwis a connecting link between 
silicon and tin, and its propci ties are such as would he expected 
from its position in the pci iodic system. It gives rise to two 
oxides, namely, germanous oxide, GeO, and germanic oxide, GcO a : 
hut even the lower oxide is only feeldy basic, and germanium itself 
is insoluble in hydrochloric acid. It, does not fmni a hydride, hut 
it gives a tetrachloride, Get 1 -],, which is hydrolysed by water. Gei- 
niRuinni is a very ran* element, and is of interest eliiell^ on account 
of its existence having beeif predicted (p. 726). 
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Tin, Kh ; At. Wt. 119. 

Although manganese ami chromium arc metals, they arc 
seldom seen, and arc at present little used except ip the form 
of alloys. Hismuth, although a fairly common metal, is also 
of limited usefulness. The metal tin, therefore, is the first 
case to he considered of a metal which is* prepared in very 
large quantities (about. 95,000 tons per annum), and is in 
daily use. For this reason one of the various methods of 
extracting the metal from its ‘ore 7 is described in some 
detail, as an illustration of such large-scale metallurgical 
operations. 

Tin is not found in the native state. It occurs almost 
entirely in the form of the dioxide, Sn( ) 2 , in the mineral 
tinstone or en,siterih\ which is mined in large quantities 
in the Malay l’eninsula and also occurs in many other parts 
ol' the world; the tin-mines of Cornwall, for example, have 
been worked since very early times. 

Oassiterite is of a dark-gray colour owing to the presence 
of black sulphides; it generally contains arsenical pyrites 
(p. 552), copper pyrites, and other minerals, and its specitic 
gravity is about GT>. 

The reduction of the dioxide to the metal is easily accom¬ 
plished by heating the eassiterite with some carbonaceous 
material such /us anthracite (p. 118), 

KnOo-f 2C - Sn +2( , .(_); 


hut before this is done it is necessary to get rid of the 
combined arsenic and sulphur in the ore. Tt is also neces¬ 
sary so to arrange matters that the earthy impurities (sjatujuc), 
consisting in this case principally of silica, are transformed 
into some product which can he melted and then run oil, or 
raked oil', the melted metal ; this fusible product is known as 
a slag, and the material which is added in order to convert 
the earthy impurities into a fusible Jag is known as a flux. 

These results are accomplished in the following manner: 
After the ore has been sorted and crushed, and freed* from 
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lighter earthy matter hy washing it with water (p. 29), it is 
first roasted (p. 229) in a reverberatory furnace (fig. 110) 
in order to oxidise, the sulphides and arsenides of iron and 
copper. The arsenical pyrites is thus converted into sulphur 
dioxide, arsenious anhydride, and ferric oxide, and the copper 
pyrites into sulphur dioxide, copper oxide, and copper sul-. 
phate. The furnace gases are passed through long flues 
or condensing chambers in which the arsenious anhydride 
(p. 555) is deposited. The ore is .afterwards washed with 
water to free it from copper sulphate, and witli dilute 
hydrochloric or sulphuric acid to free it from copper oxide. 

The prepared ore, which consists essentially of tin dioxide, 
silica, and ferric oxide, is mixed with 15 to 20 per cent, 
of anthracite and a little slaked lime, the mixture is damped 
with water (to lay the dust), and placed in a reverberatory 
furnace, in which it is gradually heated to a suitable tempera¬ 
ture. The tin dioxide is then reduced, while the silica 
combines with the oxides of iron and of calcium to form a 


fusible slay. The contents of the furnace finally separate 
into two layers; after the molten slag is raked oft' the surface 
of the metal, the tin is run out through a tap-hole placed at 
the lowest part of the hearth or bed of the furnace. 

A reverberatory furnace such as is used in * smelting 5 tin 
ores and in many similar metallurgical operations is shown 
below (fig. 110). The bed (a) of the furnace, which may 
be from 5 to 12 feet long, and from 3J to 8 feet broad, 
consists of fire-clay supported on iron bars. The charge is 
introduced through the door ( b ), and the slag is withdrawn 
through the door (c). The necessary raking and stirring 
of the charge are also carried on through these doors. The 
contents of the furnace are heated from above j the flame 
from the fire (d) passes over the fire-bridge (e), and is 
deflected from the low roof of the furnace, the necessary 
draught being produced* by the chimney (/). The tin is 
.run off through the tap-hole, which is meanwhile plugged 
with Slay, and is then cast into moulds. 
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In order to purify the metal, the ‘ ingots * are gradually heated 
on the sloping hearth of a reverberatory furnace, whereupon 
the tin (which has a low melting-point) liquefies and runs 
away into a receiver (heated by a fire below), leaving a loss 
fusible mixture of iron, arsenic, and other impurities. This 
process is called liquation. 

The metal is then skimmed to remove oxides (dross), and 
a bundle of green logs, fastened to an iron bar, is pushed 
under the surface. The escape of steam and gases from the 



Fig. 110. 


wood (as a result of its - destructive distillation, p. 114) 
causes a ‘ boiling/ and the metal is thus brought into contact 
with the air, whereby most of the impurities are oxidised. 
Instead of this process, the molten metal may be taken 
up in ladles and poured into another vessel in a thin stream 
(‘ tossing J ). In either case the dross which is thus formed 
is finally removed, and after the metal is allowed to settle 
for some time it is ladled into moulds. The upper portions 
consist of almost puro tin; any copper and iron which may 
be present collect in the lower portions, and the latter are 
again refined. • , 
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Commercial tin of good quality con tains only 0*1 to 0-2 
per cent, of impurity, which consists principally of antimony, 
lead, and iron. 

Tin is a-highly lustrous, silvery nioial of sp gr. about 7%3, 
and harder than lead, hut softer than other common metals. 
It is easily obtained in distinct crystals ; if, for example, a rod 
of zinc is placed in a solution of stannous chloride, the tin 
which is displaced separates on the zinc, rod in a crystalline 
form, 

SnCl 2 4- Zn - Nn + ZnCl,,. 

Rods of the metal when bent emit a low grating sound, 
known as the ‘cry of tin,’ which is due to the crystal faces 
grinding against one, another. 

In spile of its crystalline character, tin is very wallrabla at 
ordinary temperatures—that is to hay, it may he rolled or 
beaten into thin sheets (tm-foil); on the oilier hand, just 
below its melting-point, it is brittle, and may then he 
powdered. It melts at about 2,'12 and boils at a u bite- 
heat. 

Tin may slowly change and become gvay amt brittle when it is 
exposed to a low temperature for a long time, owing to its trans¬ 
formation into a more stable allot.ropic foim ; the occurrence ot 
tikis, change is known as the 4 tin pest.’ 

Tin is used for making still-heads, condensers, and other 
vessels for domestic, laboratory, or manufacturing purposes ; 
in the form of tin-foil it is employed in making mirrors, in 
lining boxes, in packing various articles, <fec. Perhaps its 
most important applications, however, are for coating other 
metals, especially iron and copper. 

In manufacturing tin-plate, the material so widely used in 
making ‘tins’ for preserved foods, »Vrc., thin sheet-iron, very 
carefully cleaned, is dipped into molten tin. The coating of tin 
powciits the nisiih” of the iron 

* I * 

When a piece of tin-plate is placed for a few moments in a snit- 
♦ible solution, such as a mixture of hydrochloric acid (2 parts), nitric 
acid (1 ‘part), and water id parts), and is then washed with water» 
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the sui-faro is etched and the crystals of tin are often very clearly 
seen, because the different faces of the crystals are corroded to 
different extents. 

Alloys of tin and lead, containing from 66 to 33 per cent, 
of tin, form plumber’s solder of various qualities; an alloy of 
3 parts of tin to 1 part of lead is known as pewter. lirUannia 
mefal, a silver-white alloy used in making spoons, Ac., 
consists of tin (9 parts) and antimony (1 part), sometimes 
with a little zinc and traces of copper. Bronze and other 
important alloys of tin and copper are mentioned later 
(p. 654). 

Tin does not oxidise to any appreciable extent even in 
moist air at ordinary temperatures; but when sLrongly heated 
it burns brightly and is rapidly converted into the dioxide. 
It is rather easily attacked by hot concentrated hydrochloric 
acid, giving stannous chloride, with liberation of hydrogen ; 
by hot concentrated sulphuric acid, giving stannous sulphate, 
sulphur dioxide, and water; and by concentrated nitric acid, 
giving insoluble metantnnnic acid (p. 592) and reduction 
products of nitric acid (p. 530). When boiled with sodium 
hydroxide it gives hydrogen and a solution of sodium meta- 
stamiate, 

Hn + 2XaOH + 11,0 - 2II 2 + Na,Sn< >,. 

Stannous chloride, 8n(J4,, is the starting-point in the pre¬ 
paration of many of the tin compounds, and is obtained in 
hydrated crystals, SnCl.„ 211^0, when the metal is heated 
with concentrated hydrochloric acid, and the solution is after¬ 
wards concentrated. 

This salt is readily soluble in water, hut is hydrolysed to 
a slight extent, giving an insoluble basie salt., KnCl(OH) ; on 
a little hydrochloric r^cid being added, the reaction is reversed 
and the solution becomes clear. 

On exposure to the air such solutions undergo oxidation 
and stannic chloride is formed; as tiiis change occqrs in 
presence of hydrochloric acid, produced by the hydrolysis 
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of the stannous chloride, it may be expressed by the 
equation, 

2SnCI a + 4HC1 + () 2 = 2SnCl 4 + 21I 2 0. 

In consequence of the readiness with which stannous chloride 
is oxidised it is used in the laboratory as a reducing agent. 
Thus it reduces the higher chlorides of iron, copper, and 
mercury to the lower chlorides, 

2FeCl, + SnCI, = 2 Fed, + SnCl 4 
2CuCl, + Sndj - 2Cud + SnCl 4 , 

and in the case of mercury it also reduces the lower chloride 
to the metal, 

2Hgd, + SnCI* - 2HgCl 4- SnCl 4 
21Ig01 + SnCI, - 2Hg + SnCl 4 . 

The reactions expressed by the last two equations are used 
in testing for 1 mercury ’ and for ‘ tin ’ in qualitative analysis. 

Stannous chloride is used as a mordant under the name 
of ‘tin salt.' 

Stannous hydroxide, Sn(OTT),, is obtained as a colourless 
precipitate on a solution of an alkali hydroxide or an alkali 
carbonate* being added to a solution of the chloride. It 
gives, with acids, the corresponding stannous salts, but 
towards the alkali hydroxides it acts as a weak acid, and 
gives soluble at (limit 

Sn(< >11)* + NaOII = 8n(OH)ONa + H 2 0 
or 8n(OH) a + 2NaOH - Sn(( IN a), + 2H,(). 

The stanches are unstable and decompose u hen their solutions 
are heated, giving a metastannate and a deposit of tin, 
2Sn(OH)ONa=Na J Sn(> ;{ + H s O + Sn. 

Stannous oxide, »SnO, a brown powder, prepared by heating 
the hydroxide out of contact with oxygen, burns in the air, 
giving stannic oxide. 

Stannic chloride, SnCJl 4 , is prepared by passing a stream 
of dry chlorine over granulated tin; an apparatus such as 

* Blannous carbonate is not obtained, doubtless because it undergoes 
hydrolysis. 
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that shown in fig. 107, p. 544, may be used. The product is 
a colourless fuming liquid, which boils at 114°, and is easily 
purified by distillation. When mixed with a squill propor¬ 
tion of water it gives hydrated crystals, SnCl 4 , 3II 2 0 (butter 
of tin), which are soluble in water, but in time the salt under¬ 
goes hydrolysis and soluble stannic acid is formed,* 

SnCl 4 + 4H 2 ( > = Sn(OH) 4 + 41IC1. 

When such solutions are boiled or treated with ammonium 
hydroxide the soluble stannic acid is converted into an 
insoluble (meta) stannic acid, the composition of which may 
be represented by the formula IT 2 SiiO ;j ; this substance dis¬ 
solves chemically in hydrochloric acid, forming stannic 
chloride, and in alkalis, giving (meta) stannates, such as 
Na 2 Sn0 3 . 

Ammonium stanniehloride, SnCl. p 2Kll 4 Cl or (JSdl 4 ) 2 SnCl 6 , 
is obtained by mixing stannic chloride and ammonium chloride 
in aqueous solution, and then concentrating the solution; 
similar compounds are formed from stannic chloride and the 
chlorides of some of the alkali metals. 

The compounds thus obtained are doubtless produced from 
their constituents by chemical change, and arc not mere 
double salts (p. 322) or solid solutions, but salts of an acid, 
H,SnCl 6 . 

Many cases are known in which two salts unite directly, 
giving a compound which does not show some of, or all, the 
reactions of one of its constituent metals, and when such 
compounds undergo electrolysis this particular metal is 
contained in the negative ions, while the other metal forms 
the positive ions. In such cases it must be concluded that 
the two salts have undergone chemical change and have 
united to form a mpre complex substance. Salts of this 
kind, for want of a hotter term, are spoken of as complex 
mite, and the acids corresponding with them as complex acids. 

* It is probable tliat this hydrolysis occurs in stages, soluble compounds 
BUch as SnClg'OH, SnCl 2 (OH) 2 , being first formed. 



592 THE ELEMENTS OF THE CARSON FAMILY. 


It is often very dillicull to decide whether a given substance 
should he regarded as a. double salt or as a complex salt, as 
they grade into one another, and many complex salts are 

t 

more or less decomposed in aqueous solution. Some complex 
salts, however, such as the complex cyanides (pp. 705, 708), 
are very stable. 

Complex salts are also formed m • other ways; as, for 
example, by the combination of a salt with the lialide of a 
non-metal, as in the case of tin* 11 uosilicates (p. 579). 

Stannic oxide, SnO.,, may he obtained by treating tin with 
excess of concentrated nitric acid until all the metal has 
been changed. The. product is then washed with water, and 
afterwards ignited ; while hot it is yellow, hut it becomes 
colourless when cooled, without undergoing a change in 
composition. 

This preparation is only very slowly changed into a soluble 
chloride by concentrated hydrochloric acid, hut when fused 
with alkali hydroxides it gives motastannates which are 
soluble in water. 


The original product of the action of nitric acid on tin is 
probably metastannic acid, 11 ,iSuO. { ; hut this preparation is 
not readily soluble in sodium hydroxide, like that precipi¬ 
tated from a solution of stannic chloride on the addition of 


ammonium hydroxide; the cause of this difference is unknown, 
but it may he that the acids are different polymerides (p. 585) 
of 1I 2 SiiO b . 

The sulphides of tin correspond with the oxides, and may 
he precipitated by passing hydrogen sulphide through solutions 
of stannous and stannic chlorides respectively. 

Stannous sulphide, KtiS, is dark brown, and stannic 
sulphide, RmS„, is yellow. 

They are both readily acted on by a solution of yellow 
ammonium sulphide (p. 567), and are both converted into 
soluble ammonium thiostannate, 

SiiS +<NH 4 ) 2 8,H = (NH,),SnS H 
SnS* + (M H 4 ) 2 S (NIl 4 ) 2 HnS r 
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On hydrochloric acid being added to solutions of this salt 
stannic sulphide is precipitated. Stannmn? sulphide is not 
acted on by colourless ammonium sulphide (p. 567), but 
concentrated hydrochloric acid converts both sulphides into 
chlorides. 


Lead, Pb; At. Wt. 207 ’1. 

Lead is very rarely found in the native state, and its 
principal ore is a black, lustrous, crystalline mineral known 
as galena, which consists of lead sulphide, Pbtt, but generally 
contains a very small proportion of silver sulphide, Ag 2 S. 

Cerussite , PbC0 3 , angles ite, PbS0 4 , and crocoisile , PbCr0 4 , 
are other ores of lead. 

The method employed in obtaining the metal from galena 
depends on the fact that when lead sulphide is strongly 
heated with lead oxide or with lead .sulphate all these 
compounds are reduced and sulphur dioxide is evolved, 

2PbO + PbS — 3Pb + S0 o 
PbSC 4 + PbS = 2Pb + 2S0 2 . 

The process, therefore, consists in oxidising some of the 
sulphide to oxide and sulphate at a relatively low temperature, 

2PbS + 30 a - 2PbO + 2S0 2 
PbS + 20, = PbS0 4 , 

and then melting the whole mass in order to bring about 
reduction. The operations arc carried out in a reverberatory 
furnace (fig. 110, p. 587), and the molten metal is finally run 
ofF into an iron * kettle; ’ here it is well stirred with coal slack 
(coal dross) and some live coals to reduce any remaining oxides, 
and after the slack is skimmed off, the metal is cast into moulds. 
This product is impure, and contains variable quantities of anti¬ 
mony, copper, silver, &c., which render it hard. It may be 
refined by keeping it melted and stirring it in the air, when 
most of the impurities are oxidised * and are then skimmed 
off as a ‘dross;* it is further refined during the processes 
which are used in extracting silver from it (p. 594). 

Iikijck. 2 L 
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When galena contains earthy matter (silica) and other impurities, 
its rednclmn by tin* ahove process is uusn.tisfuctory, owing to the 
foi iiiatior. of lead silicate ; m such cases the oie is strongly heated 
with iion and coke and a llux (j». nSr») in a small blasl-iurnace. 
The lead sulphide is then i educed by the iiou, 

I’bS i Fe-l’h i Fett, 

and the sulphide of iron thus fmmed gives, together with some 
sulphide of lead, a fusible product (matte) ; the lead, and the matte 
are lapped out together, and when the Jattei has solidified at the 
suitaee of the molten metal it is removed. The silica com Lines with 
ferrous oxide (pioduced from feme oxide which is added as a ilnx) 
to foim a fusible slag, which is drawn oil' the surface of the matte 
before the turnaee is tapped. 

Foi the 1 eduction of oxides of lead a pioee.ss similar to that just 
described is employed, hut the induction is then brought about 
by the carbon of the fuel, or by the carbon monoxide foi mod fiom 
it (p. 2SS); iron is not added, but is produced in the furnaee from 
oxides of iron which are added as a llux, and therefore any sulphide 
of lead piesent in the furnaee chaise is also reduced. 

The three piocesses described above are known as the air reduc¬ 
tion, the iron reduction or precipitation, and the carbon reduction 
piocess respectively. 

The smoke and fumes from the furnaces in which lead ores 
are treated contain oxide of lead ami many other substances, and 
are led into chambers or flues in which the solid matter is deposited. 


Extraction of SHtrr from Crude Load .— Although the 
quantity of silver contained in crude lead may be very small 
(say 0*15 per cent.), it is possible to extract this silver profit¬ 
ably, and at the same time to purify the lead, even when 
the quantity of silver amounts to less than 0*01 per cent, 
(that is, less than about. 3A oz. per ton). 

Processes based on two different principles are used for 
this purpose. 

Parke's proemm depends on the fact that when molten 
argentiferous lead is thoroughly stirred with a small propor¬ 
tion (say 1*5 per cent.) of zinc, and the metals are then left to 
cool slowly, the zinc separates from the lead, rises to the surface, 
and carries with it niost of the silver which was contained 
in the lead - } the zinc alloy, which solidifies before the lead, 
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may bo tbon removed and the process repeated if necessary 
with a fresh quantity of zinc. 

The zinc alloy, which is mixed with a large proportion of 
lead, aiul with small quantities of other metals originally 
present in the crude lead, is first liquated (p. 587) and then 
strongly heated in plumbago crucibles; the zinc which distils 
off is condensed. The remaining alloy of lead and silver 
is finally submitted to eupellation (p. 596) in order to obtain 
the silver. 

After treatment with zinc the lead is practically free from 
silver, but it now contains a small proportion (say 0*75 per 
cent.) of zinc, as this metal does not separate completely from 
the molten lead , this impurity is got rid of by melting the 
lead ami blowing air over the surface. The zinc and some 
loud are thus oxidised, and the scum or dross is scraped 
from the molten metal, the process being continued until 
the dross consists of pure lead oxide. The pure ‘soft*load 
is then run into moulds. 

J’afftHtioit’n proroM depends on the fact that, when molten 
argentiferous lead cools slowly, crystals of pure lead are first 
deposited from the liquid mixture; by separating these 
crystals from the argentiferous mother liquor as completely 
as is practicable, one portion of the metal is obtained much 
richer, another much poorer, in silver than the original 
argentiferous lead. Each of these portions may now be 
treated in the same way as was the original material, and 
by repeating these, processes in a systematic manner it is 
possible, to obtain (a) a very rich argentiferous lead, and (//) 
lead practically free from silver. During these operations 
the other impurities in the lead are oxidised and removed as 
dross, so that the metal finally obtained is almost chemically 
pure. 

In carrying out Pafctinson’s process tlje crude lead is melted in 
large iron pans (holding about 9 tons) which are heated hy a fire 
below ; the scum or dross of oxides is sc rafted off, and the yietal 
is then cooled if necessary by throwing water on the surface. 
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When crystallisation commences the metal is kept well stirred, 
and, as crystals form, they aie removed with long perforated ladles; 
this process is continued until about g of the whole has been 
removed. •The original sample having contained, say, 0’07 per 
cent, of silver (25 oz. per ton), the enriched 4 may now contain, 
say, U - 13 per cent. (47 oz. per ton) ami the impoverished 
§ only 004 pur Vent. (14 oz. per ton). If now the enriched, 
portion, mixed with one or more similar charges from other 
operations, is again treated, the proportion of silver in the enriched 
material may then reach, say, 0 2 percent. Similarly, by a second 
treatment- of the impoverished lead which contains 0'04 per cent, 
of silver, the ijuantity of the latter may be reduced to, say, 0'03 
per cent. These processes having been repeated several times, 
the final products are nttuh'ctlcad t which contains only about 
0-0015 per cent, of silver, and argentiferous lead, which may con¬ 
tain as much as 1 per cent. (3liU oz. per ton) of silver. 

The rich argentiferous lead is now submitted to cupellation. 
It is melted in a furnace and an air-blast is played 011 the 
surface of the metal. The lead is tints oxidised and the 
lead oxide (litharge) which is formed is removed; this 
operation is continued until the whole of the lead has been 
oxidised, and there then remains a bright mass of silver. 
The lead oxide produced in this process may be used, as 
such, or reduced again to metal. 

The bed of the cupel-furnace is lined with hone-ash (p. 535), 
which is very porous. Most of the molten litharge is blown oil' the 
surface of the metal by the aii-blast; the rest is absorbed by the 
porous furnace-bed. 

Lead is a soft metal of sp. gr. 11 ‘3 ; it has a somewhat 
bluish-gray, silvery lustre, hut it soon tarnishes on exposure 
to the air. It melts at 326° and crystallises readily. Thus 
it is deposited in crystals when a piece of zinc is placed in 
a solution of some lead salt, such as lead acetate (p. 279), 

PbfCyy > s ) 3 + Zn = Pb + Zn(<XH 3 0 2 ) 2 . 

It is malleable, and ftiay he rolled or beaten into foil, and 
two clean surfaces ^iay be welded together; when warm it 
may b forced through dies and formed into pipes, but it 
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becomes brittle just below its melting-point. Its physical 
properties are very considerably modilied even by small 
quantities of other elements; a little (05 per cent.) arsenic, 
for example, makes it vory much harder and less malleable. 

Lead is used principally in the manufacture of water- and . 
gas-pipes, and of sheets which are employed for roofing 
purposes, for making cisterns, pans, &c., and for the con¬ 
struction of sulphuric acid chambers (footnote, p. 485). 

Alloys of load, such as solder and pewter (p. 589), are also 
of considerable importance. 

Type-metal, an alloy of lead (about SO percent.) and antimony 
(about 20 per cent.), is readily fusible, expands on cooling (and 
therefore takes a sharp impression when cast in a mould), and is 
very much hauler than lead. Sometimes a little tin, arsenic, copper, 
or other metal is added to increase the hardness. 

Shot-metal is prepared by melting lead with arsenions anhydride 
and charcoal. The product, which contains about 0 5 per cent, 
of arsenic (reduced from its oxide), is poured through a per¬ 
forated iron basin at the top of a shot-tower, whence it drops 
into a solution of sodium sulphide. The arsenic makes the lead 
much harder; the sodium sulphide gives the shot a coating of lead 
sulphide which protects the metal from oxidation. The spherical 
shot are separated from the ‘tails’ by running them down a spiral 
plane, and are then coated with graphite by shaking them with 
this material. 

Lead is rather rapidly changed when it is exposed to 
the air, and is converted into a mixture of hydroxide and 
carbonate, 

2Pb + 2IU> + <) a = 21 , b(OII) l) 

Pb(OH) 2 + C() 2 = PbC0 3 + H 2 0; 

but the carbonate forms a protective layer, and the change is 
only superficial. Distilled water which contains some dis¬ 
solved oxygen attacks the metal rapidly, and lead hydroxide 
(p. 599) passes into solution ; but when the distilled water is 
first freed from dissolved oxygen and carbon dioxide by boil¬ 
ing it for some time, it has no action tan the metal. 

As all soluble compounds of lead are highly poisonous, and 
as even the * insoluble * compounds may be transformed* into 
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soluble ones in the human body, the action of various qualities 
of natural waters on the leaden pipes in which they may bo 
conveyed is of proaf importance. Soft waters, which contain 
dissolved oxygen hut only small quantities of sulphates and 
carbonates, and waters from peaty districts which may con¬ 
tain vegetable * acids, sometimes become poisonous when 
passed through lead pipes, owing to their solvent action. 
Hard waters, however, although they also act on the metal, 
do not convert it into soluble compounds; the carbonates 
and sulphates of calcium and magnesium give rise to an in¬ 
soluble protective coating or scale, which prevents any further 
appreciable action. 

Nitric acid (diluted) acts on lead rather vigorously, forming 
lead nitrate, oxides of nitrogen being evolved. Hydrochloric 
acid and sulphuric acid have very little action, even on warm¬ 
ing, unless the metal is in a line state of division. 

AV hen lead is heated in the air it gives either lead mon¬ 
oxide or red-lead, according to the conditions under which 
oxidation occurs. 


Compounds in which Leah is Uivalunt. 

Lead monoxide, PbO, is one of the, more important lead 
compounds, and is the basic oxide from which the lead salts 
are derived. It is prepared on the large scale in the process 
of cupellation (p. 596) by exposing molten lead to an air- 
blast ; the product melts, and solidifies when cooled to a 
yellowish-brown crystalline mass known as tH/nm/e. The 
same oxide, obtained at lower temperature^, without melting 
it, and also by heating white lead (p. 600), is yellow, with a 
tinge of red, and is called massicot. ' 

bead monoxide, may he, prepared in the laboratory by 
heating lead nitrate (p. 242), 

2Ph(NO.^ - 2Pb() + 4Nv), + 0 2 , 

or lead carbonate, l^id hydroxide, red-lead (p. 81), or lead 
dioxide. It is insoluble in water, amfe^ith acids it gives 
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Irani salts and water; hence it is used in preparing soluble 
lead salts such as the acetate (p. 279), 


PbO + 2 C l ,TI 4 (>, =- l , l.tC 2 U 8 O a ) s + H a O. 


It is also employed in making Hint glass (p. 294) and red- 
lead, and in glazing earlhenware. 


When lead monoxide i.s heated with a concentiated solution of 
sodium hydroxide it gives soluble sodium plnmhitc (see below), 
hut on the saturated solution being cooled, some oxide separates 
in lustrous yellow crystals. 


Lead hydroxide, IM>(( >11).,, is obtained as a colourless pre¬ 
cipitate when a solution of a lead salt is treated with an 
alkali hydroxide. Tt is appreciably soluble in water, giving 
an alkaline solution, and with acids it yields lead salts; 
it also gives soluble pit nutate* with sodium or potassium 
hydroxide, 

Pbp HI)., H NnOll Ph(< >Na)i >H i H/l. 

The more important soluble lead salts, naine]\, the nitrate 
(p. 21-2) and the arelute (p. 279), June been described; the 
insoluble or sparingly soluble salts are prepared from these 
compounds by precipitation. 

Lead chloride, PbCl 2 , is only sparingly soluble, in cold 
water, but. dissolves fairly readily in hot water; it is easily 
purified by recrystallisation, .and forms colourless needles. 

Lead bromide, 1'bBiv is colourless, but lead iodide, Pbl 2 , 
is yellow; both salts may be reerystallised from boiling water, 
in which, however, they are only very moderately soluble. 

Lead sulphate, PhS() 4 , is obtained as a colourless precipi¬ 
tate when sulphuric acid or a solution of a sulphate is added 
to a solution of a lead salt; it is practically insoluble in 
water, but dissolves chemically in sodium hydroxide solution. 
Lead chromate, PbCrO,, has already been described (p. f>09). 

Lead sulphide, PhS, is obtained bv precipitation (p. 220); 
but in presence of much hydroehhtric acid a brick-red pre¬ 
cipitate, 3PbS,2PbCl„ may be first produced. 

Lead carbonate, PbCO r may be obtained by treating a 
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solution of a load salt with ammonium carbonate; luit when 
sodium carbonate is used the precipitate contains some load 
hydroxide, owing to the occurrence of hydrolysis, 

' PbCO, + 2TI,() - Pb(OH),, + H,CO r 

Such a preeijiitate is termed basic, lead carbonate; it is 
insoluble in water. 

Basic carbonates of lead, having approximately the com¬ 
position 2PhC0 3 , Pb(OH).,, are prepared on the large scale 
by various processes, and such preparations are known as 
white-lead. 

The oldest process, and the one which gives the best product, 
is known as the Dutch method. Thin sheet lead, formed into 
spirals, is placed in earthenware vessels, the spirals resting on 
ledges some distance above the bottom of the 
vessel (fig. 111). The vessels contain a little 
vinegar (acetic acid, p. 279), and are cmeredby 
plates of sheet-lead (or by gratings or ‘wickets’ 
of lead). These vessels are then packed in manure 
or spent tan in horizontal layers which aie sepa¬ 
rated by boards, the whole being enclosed in brick 
chambers. In the course of about three months 
most, of (lie lead is changed info a dense, porcelain¬ 
like mass of white-lead. The chambers are then 
unloaded, the spirals, sheets, and gratings (which 
retain their original shape) are crushed in a mill, 
and any unchanged lead is removed ; the white- 
lead is then ground up .and well washed with water, 
passed into settling-tanks, and finally dried. The 
manure or spent tan used in this process undergoes ‘decay’ or 
fermentation, giving carbon dioxide, and the heat development 
accompanying this fermentation accelerates the formation of white- 
lead. 

Most of the processes for the preparation of white-lead 
depend on the fact that lead is acted on by acetic acid 
(vapour) in presence of atmospheric oxygen, giving basic lead 
acetate, and by water an<^ oxygen, giving lead hydroxide, 

2Pb + 2C,H 4 <)., + U., - 21 ’b(U,I [ ; /) a )Ul£ 

• 2Pb + 2H 2 0+b 2 = 2Pb(0Ii)“. 



Fig. 111. 
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The basic lead acetate is then decomposed by carbonic acid, 
giving lead carbonate, 


Pb(C 2 H,0 2 )( )H + H 2 CO, = PbCO, + C 2 H 4 0 2 + H s O, 


while the liberated acetic acid acts on fresh quantities of 
the metal in the manner shown above. These changes may 
be brought about by suspending sheet lead in a chamber 
on the iloor of which arc vessels containing dilute .acetic 
acid, and then passing in steam, air, and carbon dioxide. 
The product is freed from lead acetate by washing it with 
water. 

The principal use of white-lead is as a paint, for which 
purpose it is mixed with linseed-oil. This paint has a 
greater ‘ covering power ’ than other white paints (such as 
zinc oxide, lead sulphate, or barium sulphate), and is exten¬ 
sively used in spite of the danger of lead-poisoning which 
attends its manufacture, and of the fact that it is liable to 
become yellow or brownish in town-air, owing to the forma¬ 
tion of lead sulphide. 


Compounds in which Lead is Quadktvalent. 

In lead monoxide, and in the hydroxide and salts derived 
from it, lead is bivalent; but this metal also gives rise to a 
few well-known compounds in which it is quadrivalent, and 
which are of the same type as the corresponding derivatives 
of carbon, silicon, and tin. 

Lead dioxide, Pb0 2 , is most conveniently prepared in 
the laboratory by treating red-lead with dilute nitric acid 
(p. 178), separating the dioxide hv filtration, and washing 
it with water. It may also he obtained by oxidising lead 
hydroxide suspended in water with sodium hypochlorite or 
hypobromito (p. 429), 

Pb(OH), + NaOCl - Ph0 2 ^ Na( d + II 2 0. 

It is a dark-brown powder ^hich "ives lead monoxide 
and oxygen when it is heated (p. 178). When warmed with 
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concentrated hydrochloric acid it gives lead chloride, chlorine, 
and water, 

Vh<\, + -IIK*! 1 *1 »C1, + CL, + 21l,(); 

and wit.fi hot concentrated sulphuric acid it gives lead 
sulphate, oxygen, and water, 

2Pb<), + 2H,S() l = 2PbK0 4 + () 2 + 2H,0. 

The salts thus formed are derived from lead monoxide,, 
and not from the dioxide, so that the latter does not. act 
as a basic oxide under the above conditions. 

Neveit.heless lead tetrachloride, PbOI 4 , and lead .tetracetate, 
P)*((t,H. { 0.j) 4 , salts which are dcau'd fiom lend dioxide, are 
known. The tetrachloride is formed when lead dioxide is treated 
with hydiochloiic acid at low tomperauues ; it is unstable, and 
its solution evolves chloiine even at ordinary tom pei situ res, load 
dichloride being foiiued. The complex salt. (p. 591). (KIJ 4 ) a l’hrj fi , 
is moie stable. 

Towards strong basic oxides, lead dioxide behaves like an 
anhydride, and gives rise to salts which are derived from 
orth opium hie. acid, PbfOII) p or from metuplumhic acid, 
Pb<)((>ll).j. Thus, when lead monoxide is heated with excess 
of sodium carbonate or calcium carbonate in a stream of 
air an orihojtlnmfmtr' is formed, 


2PbO + 4Ka,CO, + < >, = 2Na 4 PbC) 4 + 4C0, 
2Ph() + 4CaO<), + < )., - 2( :n,Pb< > 4 + 4 Of), • 


e<]uimolecuL'ir proportions of lead monoxide, and 
carbonate, however, give the nifiapltnahaft', 


2Pb() + 2Na,C< ) a + <>, - 2Na.,Pb0 3 + 2C<)., 


sodium 

♦ 


Calcium plum bate is decomposed when it is heated at a 
suitable temperature in a stream of eaibon dioxide, the 
above change being reversed, will) liberation of oxygen ; 
this reversible reaction may therefore hr* utilised for the 


preparation of oxygen fitm the air (AV/snucPs 1 proratin'). 

Lead dioxide is of ten called lead peroxide ; as, however, in 
some* respects it behaves like an anhydride, and resembles 
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Tinman lose, dioxide rather than barium peroxide, the name 
used above st'cms to be the more suitable one. 

Lead dioxide and other oxides of lead arc used in 
accumulators. 

Red-lead, Pb.,0 4 , is manufactured by carefully heating 
lead monoxide at about 350" in a free supply of air, 

6PbO + (>,- 2 l>b ;} ( > 4 ; 

but a product of better colour is obtained by heating white- 
lead under similar conditions. It has a. bright-red colour, and 
is used as a paint, and in making flint glass, and as a lute. 

When heated alone at temperatures above 550", it gives 
lead monoxide and oxygen ; with dilute nitric acid it gives 
insoluble lead dioxide and a solution of lead nitrate, 

I v>, + -I IIN< - 1’bO, + 2Pb(iS T 0 3 ), + lill.,0 ; 

whereas with hot concentrated hydrochloric acid it gives 
lead chloride and chlorine, 

Vb.p { + 81IC1 - 3P1.C1, 4- Cl, + 4H a O. 

The behaviour ol red-lead towards nitric acid seems to show 
that the substance is really lead or thopium bate—that is to 

soy, the lead salt of orthoplumbic acid, Pb<'^'>Pb<'^>>Pb ; 

the action of the nitric acid is to decompose this salt, giving 

lead nitrate and orthoplumbic acid, which 

then passes into its anhydride, lead dioxide, and water. 

Red-lead ns prepared commercially is not constant in com¬ 
position, and contains variable quantities of lend monoxide. 

The name lead sest/u/tt rule and the formula. PRO.,, ha\<> been 
given to a yellowish brown amorphous substance which is obtained 
by oxidising lead salts with livpocblmites ; but. the existence of a 
pure compound of this formula is doubtful. The preparation may 
be a mixture of PbO and Ph0 2 , or impute lead tuetaplmubaie , 
PllPbO;,. 

Lead suboxide, PboO, is a black powdej- obtained l>y heating 
lead oxalate out of contact with the uir. 
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Tiir Relationship between the Members of the 

Carbon Family, 


When the elements of this family are arranged in the order 
of their atomic weights there is seen to be the same gradual 
change in physical properties as occurs in the case of other 
families. This is illustrated by the following data : 



0. 

Si. 

Ge. 

Su. 

Tb. 

At. wt. . 

12 

28-3 

72-5 

119 

207 T 

Sp. gr. . 

l-G-3-0 

2 r> 

5 *5 

7 3 

11 -3 

M.p. 

3600° (approx.) 


900° 

232° 

326° 


Tt may be observed, however, that even with respect to the 
two properties considered, the change is not quite regular; 
the sp. gr. of silicon (crystalline) is less than that of diamond, 
and the melting-point of tin is lower than that of lead. 

The chemical relationship, as in other families, is closely 
connected with the fact that the elements have the same 
valencies ; although, with the exception of silicon, they all 
form oxides of the type XO, in which apparently the 
elements are bivalent, their characteristic derivatives are 
the oxides of the typo XO., and other compounds in which 
the elements are (/ttttflr/rrtlmf. 

The Ibnmihe of some of these typical compounds are 
given in the following table : 



JIviti ides 

Clilornli's. 

Ovirtc's. 

Oi IliO-'icids. 


C . 

cir 4 

CC1 4 

Co 2 

C(OH) 4 

11,00, 

Si . 

Sill 4 

SiCl 4 

RiO s 

Si(( )II) 4 

H.,SiO ;i 

Sn . 

— 

SnOi. 

SnO.., 

Sn(OIl) 4 

lb,Sn6 s 

Pb . 

— 

PbCl 4 

Pb() 2 “ 

Pb(OII) 4 

H 2 Pb() 3 


The similarity in type ol‘ their more important compounds, 
in consequence of which corresponding compounds are closely 
related, is accompanied by a gradual change in tlie chemical 
properties of any series of such corresponding derivatives; 
and this change is of the, same kind as that noted in the case 


of the nitrogen familyi; that is to say, the non-melallic 
character of the element wanes, the metallic character waxes, 
as tlfe atomic weight*increases. 
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Thus only carbon and silicon form volatile hydrides, CIl 4 
and SiH 4 respectively, and of these the latter is the less 
stable. Carbon and silicon do not form basic oxides of the 
type XO; gerrnanous oxide, GeO, is only feebly basic; but 
SnO and PbO both give rise to stable salts, of which those 
of lead are less readily hydrolysed than those of tin. The 
chlorides, XC1 4 , are not salts, but acid chlorides; this is 
clearly so in the ease of CC1 4 and SiCl 4 , both of whieh 
undergo a noil-reversible hydrolysis ;* whereas, owing to the 
increase in the metallic character of the elements, SnCl 4 and 
PbCl 4 , although hydrolysed by water, have in some respects 
the properties of salts. 

The oxides X( ). 2 are all anhydrides ; although only carbon 
dioxide unites directly with water, and most of the acids 
derived from these oxides are not known in a pure state, salts 
corresponding with both the ortho- and the meta-acids of 
most of the elements arc known. Prom the behaviour of 
these salts it may be inferred that the strength of the acid 
gradually diminishes in passing from carbon to lead. 

The Titanium Sub-family. 

The elements of this sub-family, together with those of the 
carbon sub-family, form Family IV. of the periodic system (p. 720). 

Titanium, Ti, at. wt. 48‘J, occurs as the dioxide Ti0 2 in imiuy 
iron ores, and is often contained in pig-iron ; the dioxide is also 
found as the mineral rutile. The metal may be obtained by re¬ 
ducing the oxide with carbon in the electric furnace. One of its 
most striking properties is that it combines readily with nitrogen 
at 800°, forming a nitride (Ti 2 N 2 ?). 

Zir conium (Zr), Cerium (Cc),+ and Thorium (Th) also belong to 
the titanium sub-family, and occur together in monazitc mind , 
which is a particularly complex mixture of minerals found in 
various parts of the world (Carolina, Brazil, the Urul Mountains, 
Australia). This mineral contains cerium phosphate and thorium 

* Carbon tetrachloride, CC1 4 , is not apprr riably acted on by cold water, 
but it is completely hydrolysed when it is heated with water at about 
250“ in sealed tubes. j 

t Cerium may possibly belong to the nitrogen family. 
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sih't'rtU, TliSiO,, and from i! ihe nitrates of cerium ami thorium 
nre prepmed on tin* lmg«* scale. 

Tin* Welsbnch incandescent mantles arc prepared liy dipidiig a 
fabiic of pure cotton inU/a solution of thorium nitrate which also 
contains ahonr 1 per cent, of cerium nitrate; the mantles sue 
then ignited, wheieby the nitrates are, converted into the oxides 
thnrin, ThO.j, and rcria y (.XL, respectively. 

The mixture of oxides thus obtained gives out a very bright light 
when it is healed in a Itnnsen-flame, whereas either of the oxides 
alone, or a mixture containing a huge) 01 sinallei proportion than 
1-2 pei cent, ot ceria, is fai less eilicicnt. Although it is known 
that the light, emission is almost entirely due to the ceria, the 
action of the lattei is not fully understood. It has l*eon suggested 
that the ceiia ads as a catalyst, and that its particles are raised 
to a very high tempeiature because the heat of the reaction is 
concentrated on them, while they me pievrnted to a great extent 
from losing this heal bv the non-conducting particles of thoria. 

tmixtuicol 1 he oxides of /.iiconium, cerium, and several other 
‘lare earths,’ made into the form of a rod, is used in the Nerusl 
lamp ; at ordinary temperatures the rod is a non-conductor of 
electricity, but when it is heated (by an automatic electric heater) 
its conductivity is increased sufficiently to allow of the passu go 
of a cm lent. The rod is thus finally raised to incandescence. 


CHAPTER LVI. 

The Boron Family. 

This family includes a number of elements, hut of these 
only 1 ) 0 ron and aluminium are commonly mot with ; and oven 
horon is practically unknown except in the form of a few 
important compounds, such as ho rax and horic acid. 

Boron, B; At. Wt. 11. 

The element horon occurs in nature only in a combined 
state and hi relatively vdty small quantities ; but in the form 
of horic acid, or of gaits derived from this acid, it is very 
widely diffused, and is found in nearly all plants. 
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Free boric acid is volatile in steam, and in parts of 
Tuscany, in the Hipuri islands, and in other volcanic regions, 
it is present in small quantities in the steam or water-vapour 
which escapes from fissures in the earth. Salts of boric acid 
(or of complex acids derived from it) are found in various 
parts of the world, Jiorax, lineal or sodium tetraborate, for 
example, occurs in an immense bed, and in the borax-lake 
in California; also in lakes in Thibet, India, China, and 
other countries. Jiurun'fr (a magnesium salt) and horocahute. 
or calcium tetraborate, CalldL, Oil./), also serve as sources of 
boron compounds. 

Borax, Na.B^L, 10H..O, the most important of these com¬ 
pounds, is the sodium salt of tetraboric acid, a substance 
whicl is derived 1’rom orlliohoric acid, 


ti;(oii) { ~ ll 2 r» 4 o 7 + r>Ji 2 n. 

It is obtained on the large scale by recry stall ising native 
Californian borax from hot water; also by treating l>oric acid 
(see below) with sodium carbonate. It is readily soluble in 
water, and its solution has an alkaline reaction to litmus, 
owing to the occurrence of hydrolysis, 

Na.,B 4 ( > 7 + 1U > - NaOil + NallB/V 

When borax is heated it first swells up and becomes 
anhydrous, and then melts to a colourless liquid, which 
readily dissolves metallic oxides, forming borates. Hence 
borax is used as a fiux in soldering, and in glazing line 
earthenware ; it. is .also used in the laboratory in the form of 
a ‘borax bead’ in testing for metals, ns some metallic oxides 
give borates of a characteristic colour. Borax is employed in 
laundry-work to give stillness and a glaze to linen, &c. 

Boric acid, or orthoboric acid, B(01f) :4 , is obtained on the 
huge scale from the steam which escapes from the ground in 
Tuscany and elsewhere. The water of the small pools formed 
by the condensation of the steam is evaporated, the heat of the 
natural steam jets being utilised as far t as possible ; the con¬ 
centrated solution of boric acid is then left to crystallise. 
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Boric acid is also prepared by treating bomcitc and other 
such minerals with hydrochloric acid, and then recrystallising 
the product. It is obtained in the laboratory in a similar 
manner T>y adding hydrochloric acid to a hot concentrated 
solution of borax, and then cooling the mixture, 

Na'jy > 7 + 2II Cl = 2NaCl + H 2 B 4 0 7 
H 2 B,U 7 + MI..O - 4B(01I), { . 


Boric acid crystallises in colourless scales, which easily slide 
over one. another, and therefore feel slippery or soapy. It is 
readily soluble in water, but its aqueous solution has only 
feeble acid properties ; so much so that it hardly changes the 
colour of hluo litmus. 

Boric acid is used as an antiseptic in pharmacy and also in 
the preservation of food. 

Boric acid imparts a green colour to a non-luminous flame. 
When a borate is mixed with a little concentrated sulphuric 
acid and some alcohol in a basin, and the alcohol is 
then lighted, its Hume is tinged with green, owing to the 
volatilisation of the free horic acid which has been liberated 
by the sulphuric acid. This flame-test is used for the detec¬ 
tion of borates. 

When boric acid is heated (at 100°) it first gives metaboric 
acid, BOOH, then (at 140°) pyroboric or tetraboric acid, 
BA(OII).,,* and linally (at a red heat) boric anhydride, B 2 0 3 . 

Boric anhydride, B 2 0 3 (boron trioxide), is a vitreous 
solid ; being volatile only at a white heat, it liberates other 
anhydrides from their salts at high temperatures, just as does 
silica or silicic anhydride, (p. 300), 


Na 2 S() 4 + 211/ ) 3 = Na 2 B 4 0 7 -f HO s . 

It combines with water with some vigour, giving boric acid. 


* The molecular formula of metaboric acid is probably (HB0 2 )2,'and its 
structural formula, liO-B<^^B-0H. Pyroboric acid maybe represented 

by the structural formula^ HO - B <^)> B - O ~ B <*£> B - OH. Boric anhy¬ 
dride ib probably a polymeride of the oxide, B.,0 3 (compare silica, p. 583). 
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Boron may be obtained by heating the oxide with 
magnesium, 

B.,O iS + 3Mg = 2B + 3MgO; 

but the separation of the boron from tho large proportion of 
magnesium horide which is also produced is a very difficult 
task. After careful purification (which involves treatment 
with hydrofluoric acid) tire product is obtained as a light- 
brown amorphous powder of gp. gr. 2-45. Crystallised 
boron is obtained by dissolving the amorphous element in 
molten aluminium ; when tho. aluminium is afterwards 
treated with hydrochloric acid crystals of boron remain, but 
their purity is doubtful. 

Boron burns to tho trioxide when it is heated in oxygen, 
and it.also combines with chlorine, nitrogen, and many other 
elements at high temperatures. 

Boron hydride, BJI 3 , is not known in a pure state; when 
magnesium boride is treated with hydrochloric acid a mixture" 
of several hydrides of boron is formed. 

Boron trichloride, I>C1 3 , may be prepared by heating boron 
in a stream of dry chlorine; it is a colourless, mobile liquid 
(b.p. 18°), and is completely hydrolysed by water. 

Boron nitride, BN, is obtained as an almost colourless 
powder when horon is heated at about 1300° in nitrogen or 
in ammonia. It is not decomposed when it is heated alone 
or in the air, even at high temperatures, but it is decomposed 
by boiling water, giving amnlonia and boric acid, 

BN + 3II 2 <) = i\ll 3 + B(OH) 3 . 

Aluminium, A1; At. Wt. 27*1. 

This very abundant element occurs, with rare exceptions, 
in combination with oxygen. The oxide is found in small 
quantities in a free state in various forms (ruby, sapphire, 
corundum, p. 204); but as a rule it is combined with silica, 
forming aluminium silicate, one of ilie most important com¬ 
ponents of the earth’s crust. During the disintegration of 
the felspars, such as orthoclase, K 2 0, A1 2 T) 3 , 6Si0 2 , and afbite, 

Inarg. 2 M 



610 


THE BORON FAMILY. 


Na/>, A1 2 0 3 , 6Si0 2 (pp. 291, f>84), the micas,* and other 
silicates, the alienli silicates are dissolved, and beds ot 
almost pnro aluminium silicate, Al a vSi 2 <) 7 , 2II 2 0 (kaolin or 
china-clay), may be formed, as already mentioned (p. 291), 
Some other native aluminium compounds arc referred to 
later; the only .important one which does not contain com¬ 
bined oxygen is cryolite (p. 402)< 

At one time aluminium was prepared commercially by 



Fig. 112. 


heating sodium aluminium chloride (a complex salt corre¬ 
sponding with the fluoride, cryolite) with sodium, 

3NaCl, A1C1 3 + 3Na = A1 + GNaCl, 
but it is now manufactured by the electrolysis of aluminium 
oxide. 

Rectangular iron vessels (6x8 ft., fig. 112), heavily lined 
with graphite, are partly filled with cryolite. The positive 
electrode consists of a number of cylindrical graphite rods 
which dip into the cr)elite, while the iron vessel and its 

i 

* JJica sometimes occurs in very large crystals which can be split into 
transparent, sheet*. 
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graphite lining form the negative electrode. The current is 
supplied by dynamos 1 worked by water-power. When the 
current is passed the resistance of the cryolite causes 
a development of heat which sckjii melts the mineral. At 
this stage aluminium oxide, usually prepared from bauxite 
(p. 614), is introduced into the fused mass. Electrolysis 
then occurs with liberation of aluminium at the cathode and 
oxygen at the anode. The molten aluminium collects at the 
bottom of the vessel, and is run off from time to time through 
the tap-hole, which is closed meanwhile with a graphite plug. 
The liberated oxygen escapes as gas or combines with the 
carbon of the anodes. Fresh quantities of alumina are 
added at intervals, so that the process is continuous. 

Aluminium bronze, an important alloy of aluminium and copper, 
is manufactured in a similar manner, some copper being added 
with the alumina. The properties of the product depend on the 
relative proportions of the two metals ; an alloy containing only 
5 per cent, of aluminium has the colour of gold. Those containing 
about 12 per cent, of aluminium give homogeneous castings, and 
are very tough and elastic ; they take an excellent polish and do 
not tarnish on exposure to the air. 

Aluminium has a bright, slightly bluish, silvery lustre, and 
its sp. gr. is 2'6. It is hard, tougli, and malleable, and melts 
at about 654°. It does not alter appreciably on exposure 
to a moist atmosphere, and the very finely dividod metal, 
mixed with oil, is extensively used as a paint for iron and steel 
work. The metal is also used for making many small articles 
(pans, cameras, trays, brush-frames, cups) and for the manu¬ 
facture of any apparatus which must be both light and 
strong. Its use in the preparation of manganese and chromium 
has already been mentioned (pp. 443, 502; compare also 
thermite, p. 704); sometimes for these purposes an alloy of 
aluminium and calcium is used, as the development of heat 
is then greater than when aluminium alone is employed, and 
the ‘slag’ of calcium aluininate is nfore readily fusible than 

alumina. m 

' W • 

Aluminium in a. compact form may be melted in oxygen 
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without undergoing more than a superficial oxidation, as 
it is protected by the layer of oxide, but thin foil burns 
brilliantly. The finely divided metal is also oxidised by 
boiling water, hydrogen being evolved; it is rapidly attacked 
by a hot solution of sodium hydroxide, with formation of 
hydrogen and a solution of sodium illuminate, 

2A1 + 6Na()H = 3I1 2 + 2Al(ONa) s . 

It is not acted on appreciably by nitric acid, and dilute 
sulphuric acid attacks it, only very slowly ; but with hot con¬ 
centrated acid it gives aluminium sulphate, sulphur dioxide, 
and water. 

It is readily acted on by hydrochloric acid, with formation 
of aluminium chloride and hydrogen, 

2A1 + fill Cl -- 2A1C1 8 + 3Ho. 

Aluminium. Amahjaui *—When a little mercury is placed 
oil a bright sheet of aluminium and well ruhlied on the sheet 
with a damp rag, the aluminium becomes coated witli a 
thin film of mercury. By breathing on the sheet, and thus 
forming a film of moisture, a chemical action is set up; the 
aluminium dissolved in the mercury decomposes the water, 
giving aluminium hydroxide, which rises as a bulky white 
powder from the surface of the metal. 

Aluminium may also be coated with mercury by placing 
it for a few moments in a dilute solution of mercuric chloride 
(p. 632); the product (aluminium amah jam) is used as a 
reducing agent, since it rapidly decomposes water, with forma¬ 
tion of hydrogen and aluminium hydroxide. 

Aluminium chloride, A1C1 3 , is prepared in the laboratory 
by passing dry chlorine or hydrogen chloride over heated 
aluminium foil contained in a long glass tube. 

It is prepared on the large scale by passing chlorine over a 
mixtur'i of carbon and aluminium oxide (compare p. 580), hut 
a high temperature is required, 

, A1 2 0, + 3C + 3C1 2 = 2A1C1, + 3CO. 

* The term 4 amalgam ’ is applied to alloys of mercury. 
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In both cases the product volatilises and is condensed in a 
receiver from which moisture is excluded. 

Aluminium cldorido is a colourless crystalline substance, 
but the commercial article is generally yellow. It? sublimes 
readily (below 185°), and its vapour density at about 800° 
corresponds with the formula A1C1 3 .* It is often used in 
preparing carbon compounds.' 

When aluminium chloride is placed in water a great 
development of heat occurs and the salt is hydrolysed ; when 
the solution is evaporated hydrogen chloride escapes and 
some hydroxide is formed, 

A1C1 3 4- 3H a <) - Al(< >11), + 3TIC1. 


Most of the other important compounds of aluminium are 
prepared from clay (p. 291), from which aluminium sulphate 
or an alum is iirst manufactured in the manner described 
below; cryolite (p. 402) and bauxite (p. G14) are also used as 
sources of aluminium compounds. 

Aluminium hydroxide, Al(< )I1) 3 , is formed as a colourless 
gelatinous precipitate when an aluminium salt, such as the 
sulphate, is treated with ammonium hydroxide or sodium 
hydroxide in aqueous solution, 


A1 2 (K° 4 ); { + 6Na(HI = 2A1(< )Il) 3 + 3Na 2 S(> 4 . 


It is likewise formed when the carbonates arc used instead 
of the hydroxides, because aluminium carbonate, if produced, 
is completely hydrolysed by water, 


A1,(S0 4 ) 3 + 3Na 2 C0 3 + 311,0 = 2A1(0H) 3 + 3Na 2 S0 4 + 3C0 2 . 


The freshly precipitated hydroxide dissolves chemically in 
icids, forming soluble, aluminium salts, and also in sodium 
hydroxide solution, giving soluble sodium ahnnhtair, 


Al(OH) s -f MNaOII - Al(ONu) s + 3H 2 0; 


but when it is dried it begins to lute the elements of water, 


* At lower temperatures the results show tli.# the vapour is a mixture 
molecules of AlCl a and AlgClg. 
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and bttcomes leas readily soluble. A 1 colloidal solution * of 
aluminium hydroxide may be obtained by dissolving the 
freshly precipitated hydroxide in ail aqueous solution of 
alurniniuln chloride, and then submitting the solution toj 
dialysis (p. 326). \ 

Although towards strong acids (but not towards weak j 
acids such as carbonic acid) aluminium hydroxide behaves 
as a basic hydroxide, it acts as an acid towards strongly 
basic hydroxides (but not towards ammonium hydroxide), 
and forms alnminates which are derived from Al(OH) s , and 
mvla-ahu ninat.es which are derived from AlO’OH. The 
alkali aluminates (or the meta-aluminates) are formed when 
the hydroxide is treated with excess of an alkali hydroxide 
(p. 613), or when the oxide is fused with excess of nodiuiu 

carbonat.ej 


A J J > 3 + 3Na> ;J =■ 2A1(( >N»i) 3 -|- 3<X), 


Thr menial alkali shimiiiaLcs are hydrolysed by water, 


A 1(0Ns). + 2H/ > - A 1(011).;(>Na + 2NaOH, 

and the substances thus produced then decompose, giving 
the soluble meta-aluminatos; even these compounds undergo 
hydrolysis, and they are completely decomposed by carbonic 
acid, aluminium hydroxide being precipitated, 

2A1( K>Na + 1I/K >, + 2II/) - 2A1(0H) S + Na 2 C0 3 . 

Aluminium hydroxide occurs in nature as hiff/raryi/ttile , 
and meta-aluminic acid as diaspora, A10 Oil. Bauxite is an 
earth which has the composition Al(OH) 3 , AlO’OH, but it 
often contains ferric oxide, and has then a brick-red colour.* 
It is found in large quantities in various parts of the world, 
and is used for the manufacture of aluminium and other 
products. 

* Puro aluminium hydroxidu is prepared from Buch samples of bauxite 
by fusing the mineral with scTium carbonate, extracting the soluble sodium 
alum in ate with water (whereby ferric oxide is left behind), and then pre¬ 
cipitating the aluminm*! hydroxide by panning carbon dioxide into the 
solution vsee above). 
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Several nieta-altuxnnates are fonnd in nature, as, for 
oxample, magnesium lueta-aluminatc or spindle , (AlOO^Mg, 
and zinc meta-aluminato or y«knife, (A1(H)) 2 Zii ; they all 
crystallise in the same form and are classed as the % pinelles. 

Aluminium oxide (alumina), Al a ( ) 3 , is obtained by igniting 
the precipitated and well-washed hydroxide, prepared by the 
methods given above. It is a colourless amorphous substance 
which is moderately easily attacked by acids and by sodium 
hydroxide solution, giving aluminium salts or an aluminate as 
the case may be. When, however, it is very strongly heated 
it becomes denser (and possibly crystalline), and is then 
only very slowly attacked by acids. Crystalline alumina 
(ruby, sapphire, corundum, &<*..) is insoluble in acids, but iB 
concerted into soluble aluminates when it is fused with 
sodium hydroxide. Aluminium oxide is not reduced by 
carbon except at the high temperature of the electric furnace. 

Aluminium oxide, picpared b\ limiting dehydrated bauxite in 
an electric furnace, is sold under the name of almufum for use 
u.s an abrasive. It is harder than the native forms of alumina, and 
is used for cutting or drilling mines, sapphires, &t\, and in making 
grinding-wheels (compare carborundum, p. 581). 

Aluminium sulphate, A1 2 (S(> 4 ) 3 , l«Il a U, is manufactured 
by dissolving bauxite iu sulphuric acid. 

It is also produced from clays and shales and other materials in 
large quantities. The clay*or shale (p. 292) is first extracted 
with dilute hydrochloric acid in order to remove some of the iron 
compounds; it is then dried and roasted in order to disintegrate 
it, to get rid of vegetable matter (coal, bitumen), and to oxidise 
iron pyrites. The material is afterwards giouud np and heatedi 
in leaden pans with moderately concentrated sulphuric acid; the 
solution is separated from the. silica and other insoluble matter, 
and the aluminium sulphate eiystallised out. 

Cryolite (a complex salt, j». 591) is heated with limestone, 

AlF 3 ,3NaF + SCaCO., -= A1(U Na) ;l + 3CaF 2 +SCO* 

and the product is treated with water; the solution of the sodium 
aluminate is separated from the insoluble calcium fluoride, and 
carbon dioxide is passed through it in order to precipitate 



616 


THE BORON FAMILY. 


aluminium hydroxide (sec p. 614). The latter is then separated 
by filtration or decantation and dissolved in sulphuric acid, while 
the sodium carbonate solution is evaporated. 

Aluminium sulphate is readily soluble in water, but the 
solution is strongly acid to litmus, as the salt undergoes 
hydrolysis, giving free acid and soluble basic salts, 

A1 2 (S0 4 ) 3 + 2H 2 () = A1 2 (S0 4 ) 2 (0H). j + h 2 so 4 . 

Tt has already been stated (pp. 294, 295) that an important 
seiies of double tolls called the alum limy he obtained by 
adding certain sulphates to solutions of aluminium sulphate, 
and then crystallising the products from the concentrated solu¬ 
tions. The alums have the formula A1 2 (*S( ) 4 ) 3 , X 3 S0 4 , 24H 2 0, 
where X represents Na, K, (NTI 4 ), or certain other mw/ valent 
metals or basic radicles. It is possible also to prepare 
double salts of this particular type from the sulphates 
X 2 S0 4 by mixing them in aqueous solution with sul¬ 
phates of tervaleut metals other than aluminium. Thus a 
double salt, Cr 2 (S0 4 ) 3 , IC 2 S0 4 , 24H 2 0, may bo prepared from 
the sulphates of chromium and potassium. Tin's product 
has the same crystalline form as ordinary potash alum, 
and is therefore classed as an alum, although it does not 
contain an aluminium salt. The term alum, therefore, is 
user^ in a wide sense, and is applied to double salts of the 
type M 2 (S0 4 ),„ X 2 R0 4 , 24H 2 0, where M is a metal such as 
Al, Cr, Fe, Mil, in the tervaleut state, and X a metal or 
basic radicle in the univalent state; when the alum does not 
contain aluminium sulphate it is named according to the 
two sulphates of which it is composed. Thus the double 
salt Fe 2 (S0 4 ) 3 , (NH 4 ) 2 S() 4 , 24H 2 0 is called ferric ammonium 
alum. 

The alums are all isomorplious (p. 324). They are exten¬ 
sively used as mordants in the dyeing industries, and are 
also employed in paper-mating. 

I Alum stone, or nlunity, is a crystalline substance of the com- 
pw.dtioA K.S0 4 , AIg(S<) 4 ) 8 , 4AI(()H)„ produced naturally by the 
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action of sulphur dioxide (of volcanic origin) on felspar and similar 
rock components. It is insoluble in water; but when it lias been 
heated it is then acted on by water, giving a solution of potash 
alum and a residue of alumina. . 

Although aluminium is distinctly metallic in its physical 
properties, it does not show a very marked metallic character 
in its chemical behaviour. Its chloride is easily hydrolysed; 
its hydroxide does not give salts’with very weak acids, and 
behaves like an acid towards strong bases. 

Aluminium sulphide, Al 2 tt a , prepared by heating aluminium 
with sulphur, is readily hydrolysed, giving aluminium 
hydroxide and hydrogen sulphide. 

Ultramarine, or lapis lazuli ', is a silicate of aluminium and 
sodiuiA, which also contains combined sulphur; it occurs as a 
blue, green, or violet crystalline mineral, which at one time was 
highly prized. 

Artificial ultramarine of a beautiful blue colour, and preparations 
of other colours, are now manufactured by carefully heating a very 
intimate mixture of kaolin, sodium carbonate, charcoal, and sul¬ 
phur in absence of air. The green product is washed with water, 
dried, mixed with sulphur, and gently roasted in the air until it 
acquirers the desired blue colour. The nature of ultramarine is not 
exactly known. The mateiial is used as a paint, and in lauiidry- 
work; it is easily attacked by acids, and then loses its colour. 


Other Elements op the Boron Family. 

Gallium, On, at. wt. 69 9, and indium, In, at. \vt. 114*8, 
are both rare metals which occur in small quantities in 
a combined form in some varieties of zinc-blende. Both 
elements resemble aluminium in chemical properties, the 
usual gradation being shown; hut in addition to forming 
compounds in which they are tervalcut- -as, for example, the 
chlorides OnCly, fnCl 3 , and the oxides (ra 2 () a , ln 2 () 3 —gallium 
forms a chloride, (lad.,, while indium forms not only 
an oxide, In(>, and a chloride, In<$l 2 , but also a chloride, 
InCl. The existence of gallium was predicted by Mendel4eff 
(p 726.). 
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Thallium, TI, at. wt. 204, also occurs in zinc -blende; 
and while resembling aluminium and tin* other members of 
the sub family in forming compounds such as T1G1 8 and 
TIjjOj,, id which the metal is tcrvalenl, it also gives rise to ja 
scries of thallous compounds, such as TLO, T101I, and T1C|. 
In the thallous.com]jounds the metal is univalent, and thes$ 
compounds slmw a close relationship to the corresponding 
derivatives of the (univalent) alkali metals. Thallous hy¬ 
droxide, for example, is readily soluble in water and iH a 
strong base; thallous chloride, on the other hand, is 'only 
very sparingly soluble in water, and resembles silver chloride 
rather than sodium chloride. 

In the boron sub-family, as in several others, the gradual 
change in the properties of the elements with inarensing 
atomic weight may be summarised in tlio statement that tlio 
elements giadually l.reome mote and more disl.jnel.ly metallic 
in charnel,er. 

The typii-nl compounds «d tliis sub family art; those in 
which l,lie elements are 1 err.dent. 

Scandium (Sr), yttrium (V), and lanthanum (La) form a sub¬ 
family, which together with the hovon suit-family constitute 
Family III. of the peiiodir system: they occur in rnonazitc wind 
(]». (iOo). The existence of scandium was predicted hy Men del cell’. 


CHAPTER LVII. 

The Magnesium Family. 

Four well-known metals, namely, magnesium, zinc, cad¬ 
mium, and mercury, are classed together in this family, which 
also includes the element beiylliuni (or glucimuii). All these 
elements occur in nntuffe exclusively in a combined form, with 
the exception of mercury, a binall quantity of which- is also 
found in the free state. 



THE MAGNESIUM FAMlLf. 


619 


Beryllium, Be, at. wt. 9*1, occurs as metasilicate mixed 
with almnininm mehisilicate in the mineral heryl } 3BoSi0 3 , 
Aljj(Bi0 8 ) 3 , which when coloured green, probably by traces of 
chromium silicate, forms the gein known as the emerald. 
Beryllium is a metal (sp. gr. 1'9) resembling magnesium in 
properties, but it differs from the latter in a few respects; 
thus its hydroxide, Be(()H) 2 , although basic, has feeble acid 
properties and dissolves chemically in sodium hydroxide 
solution, and its carb<m<d(\ BeCO y , is soluble in water. 

Magnesium, Mg; At. Wt. 243. 

Magnesium is an clement which in many respects re¬ 
sembles calcium, and it occurs in nature in large quantities 
in ohe form of its carbonate , MgCO. { (p. 272); it also occurs 
as magnesium silicate, in many rock materials (asbestos, talc, 
meerschaum). In addition, it i.s found in the form of certain* 
soluble salts, such as the sulphate (p. 22b) and the. chloride, 
in deposits formed by the evaporation of lakes, and in many 
natural waters. 

The largest deposits of such compounds are those found 
near Stassfurth, which contain rarnaUite , MgCl,„ KC1, 
6U 2 0; kieseritdy MgS0 4 , H 2 (J; and fcainite , K.,SU 4 , MgB0 4 , 
MgCl 2 , 6H 2 () (p. 676). 

Magnesium cannot be obtained by reducing its oxide with 
charcoal; it is manufactured by the olectrolysis of a fused 
mixture of magnesium and potassium chlorides. 

This mixtnre, prepared by dehydrating carnallite, is melted in 
an iron crucible, which itself forms the negative electrode; a rod 
of graphite dipping into the fused mass forms the positive elec¬ 
trode. Chlorine is liberated at the positive and magnesium at 
the negative electrode *, potassium is not set free so long as any 
magnesium ehloiide is present, because potassium liberates mag¬ 
nesium from magnesium ehloiide. 

Magnesium is very like silvo* in appearance, but its 
*p. gv. is only 1*75. It is malleable and hard. It melts 
at about 800° and distils at a white*heat. It is nefe used 
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for the preparation of any important alloys, or for the 
manufacture of any metallic articles; but it is employed 
in making fireworks and flashlights, and it is often used in 
the laboratory. , 

Magnesium tarnishes on exposure to the .air, but the film 
of oxide or basic carbonate which is formed protects the 
metal from further action; if is only very slowly acted on 
by boiling water, giving hydrogen and magnesium hydroxide, 

Mg + 211,0 = 11 2 + Mg(OH) 2 . 

It is very readily attacked by all common acids, giving 
hydrogen and a magnesium salt. It burns in the air and 
even in gases which contain combined oxygen, forming 
magnesium oxide; thus, if a piece of burning magnesium 
ribbon is lowered into a flask in which water is boiling 
vigorously, the metal continues to burn in the alenm, and 
the liberated hydrogen burns at the mouth of the flask, 

HjjO •+■ Mg = MgO + H 2 . 

A piece of burning magnesium ribbon lowered into a 
vessel containing carbon dioxide also continues to burn, but 
rather fitfully, and the liberated carbon is deposited on the 
magnesium oxide which is formed, 

C0 2 + 2Mg = 2MgO + C. 

Magnesium, like aluminium, is a very powerful reducing 
agent, as shown by the examples just given and also by its 
action on silica (p. 577) and boron trioxide (p, (>09). 

Iu conjunction with an acid it may be used as a reducing 
agent at ordinary temperatures; ferric chloride, for example, 
is reduced to ferrous chloride when its solution in dilute 
hydrochloric acid is treated with magnesium. 

Magnesium combines vigorously with the halogens and 
with many other element; magnesium silicide (p. 577) and 
magnesium nitride 517) have already been mentioned, 
lhc culi hide, MgS, prepared by heating the metal with 
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sulphur, is decomposed by boiling water, giving magnesium 
hydroxide and hydrogen sulphide. 

The light given out during the burning of magnesium is 
very rich in actinic (chemically active) rays; hence»its use in 
photography. 

Magnesium oxide (magnesia), Mg(), may be prepared by 
heating the hydroxide, carbonate, or nitrate; the substance 
obtained by heating the metal in the air always contains 
some magnesium nitride. The oxide is a white solid, and is 
used as a lining for crucibles and furnaces, as it does not 
melt even at the high temperatures reached in an electric 
furnace. It is insoluble in water, but it slowly combines 
with water to form magnesium hydroxide, which is appreci¬ 
ably ^soluble; acids act on it rapidly, forming the corre¬ 
sponding magnesium salts. 

Magnesium hydroxide, Mg(01I).„ is obtained as a colour¬ 
less gelatinous precipitate when a solution of a magnesium 
salt is treated with a solution of sodium hydroxide, 

MgCl. 2 + 2NaOTI = Mg(OH) 2 + 2NaCl. 

Ammonium hydroxide also precipitates magnesium hy¬ 
droxide from solutions of magnesium salts, 

MgS0 4 + 2Nll 4 -( >H -<—> Mg(OII), + (NH 4 ) a H<> 4 ; 

but precipitation is incomplete, and in presence of a large 
proportion of an ammonium salt no precipitate whatever is 
produced. 

This is due partly to the fact that the reactions are readily 
reversible, partly to the formation of stable soluble compounds 
by the combination of the magnesium and ammonium salts. 
(Compare p. 591.) 

Magnesium hydroxide is only very sparingly soluble in 
water; its solution lias an alkaline reaction to litmus, and 
absorbs carbon dioxide'with formation of a basic magnesium 
carbonate. 

The suits of magnesium correspond with the oxide, MgO. 
The soluble ones, of which the chloride and sulphate are 
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important, may bo prepared by treating the metal, the oxide, 
or the. carbonate (native magnesite) with the required acid; 
the insoluble salts, of which the carbonate and magnesium 
ammonium* phosphate may be mentioned, may be prepared j 
by precipitation. The soluble salts have a bitter taste. The ^ 
sulphate and a basic carbonate (p. G23) are used in medicine. 

Magnesium chloride, MgOL„ is deliquescent., and very readily 
soluble in water. When its aqueous solution is boiled, hydro¬ 
chloric acid escapes and a basic salt remains,* 


MgCl 2 + II/) - MgClOH + HC1. 

As pure anhydrous magnesium chloride cannot bo prepared 
by evaporating aqueous solutions of the salt, the solutions 
arc mixed with ammonium chloride and evaporated; mag- 

|j ^ 

liesium ammonium chloride, MgCl 2 , 2XII 4 C1, GH/), is then 
deposited in crystals. When this double salt is ignited, it 
gives a residue of anhydrous magnesium chloride as, first the 
water of hydratiou escapes, and afterwards the ammonium 
chloride volatilises. 

Magnesium chloride is decomposed to some extent when 
it is heated in a stream of moist air, and chlorine is evolved 
together with hydrogen chloride, 


4MgCl 2 + 2TL 2 0 + 0 2 - 4MgO + 4HC1 + 2C1 2 . 

Magnesium sulphate, MgSO t , 71I 2 0 (Epsom salt, pp. 226, 
281), forms double salts with the sulphates of potassium 
and ammonium ; these are of the type MgS0 4 , X 2 S0 4 , 611/), 
where X represents K or (NH 4 ), and are readily soluble in 
water (p. 491). 

Magnesium nitrate, Mg(NO H ) 2 , is readily soluble in water; 
when ignited it gives the oxide. 

Magnesium carbonate, MgCO.„ which occurs as magnesite, 
and, mixed with calcium carbonate, as dolomite (p. 272), 

cannot be obtained in a pure state by treating a solution of 

t 

* Owing to the occurrence of this hydrolysis, sea-water (which always 
magnoaiuin chloride) is not suitable for use in steam-boiler?, a? 
the liberated a<pid,attftcHs the iron. 
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a magnesium salt with sodium carbonate, as the product is 
hydrolysed to some extent, and a mixture of carlxmato. and 
hydroxide (a basic carbonate, magncda alba) of variable com¬ 
position is produced.. 

This precipitate may be converted into the normal carbonate 
by suspending it in water and passing carbon dioxide into 
the liquid; with excess of carbon dioxide it is converted into 
soluble magnesium hydrogen, car banal e, Mg(HCO ;i ) 2 (p. 273). 

Magnesium ammonium phosphate, Mg(NH a )P0 4 , has already 
been mentioned (p. 550). 

Zinc, Zn ; At. Wt. 65-4. 

Zinc does not occur in nature in the form of salts which are 
soluldh in water, and the principal sources of the metal are 
zinc-blende, ZnS (p. 221), and calamine , ZnCO ;J , a yellow, stony 
material; but zincite, or red zinc ore, ZnO (coloured by oxides 
of manganese and iron), is also used. 

The principles on which the extraction of zinc is based 
are as follows: Zinc sulphide is converted into ziiic oxide 
and sulphur dioxide when it is heated in the air (roasted), 

2ZnS + 30j, 2 ZiiO + 2S() 2 ; 

and zinc carbonate is converted into the oxide when it is 
gently heated, 

ZnC0 3 = ZnO + C0 2 . 

Zinc oxide is reduced when it is very strongly heated 
with coal, 

ZnO + C = Zn + GO, 

and at. the very high temperature necessary for this reduction 
the metal distils, leaving behind the earthy matter and other 
materials. 

An intimate mixture of zinc oxide (roasted ore) and coal 
is introduced into fire-clay cylinders or retorts such as those 
shown in fig. 113. These vessels, ilie larger of which takes 
l|-2 cwts. of ore, are arranged in a^ furnace in such a 
manner that the movable adapters or receivers (a, a) project 



624 


THE MAGNESIUM FAMILY. 


through the walls. On heat being applied, carbon monoxide 
is evolved, and if the zinc ores contain cadmium oxide, as is 
often the ease, this oxide is reduced and the metal volatilises 
before the zinc begins to come over to auy great extent., 
As soon as all the cadmium has distilled the receiver is! 
changed. The product which then condenses consists partly 
of liquid zinc, partly of zinc-powder {jdvodmt), and one of ■ 
the principal difficulties met with in the extraction of the 
metal is to prevent its condensation in n powdery form. 


a 



The crude zinc is purified mechanically by keeping it 
melted for some time. The lighter impurities rise to the 
surface and are skimmed olf, while the heavier ones (lead 
and iron) sink to the bottom. The metal is then ladled 
out, leaving the lower portions (a mixture of lead, zinc, and 
iron); but it may still contain as much as 1*5 per cent, of 
lead, some iron, and traces of arsenic. The lead and iron may 
be eliminated by distilling the zinc; in order to get rid of 
arsenic, the melted metal may be stirred with magnesium 
chloride, when the arsenic, volatilises as arsenic trichloride. 

As native zinc compounds dissolve chemically in acids, many 
attempts have been made to obtain zinc by treating the ores with 
acids and then submitting the salts to electrolysis; so far, these 
processes tlo not seem to be vorv successful. 

Zinc lias a bluish-guy metallic lustre and a sp. gr. of 
about 7-1. It is crystalline, melts at about 420°, and boils 
R- ib^jt 950°; it is not very malleable at ordinary tempera- 
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tnres, and is, in fact, brittle when it contains certain 
impurities; but even the impure metal is malleable at 
100-140°, and may then be rolled into sheets; it becomes 
brittle again at about- 205°. 

It is employed in making small castings; in the form of 
sheets, it is used for the manufacture of gutters, cisterns, 
pipes, &c., and for roofing purposes. It is also employed 
for 1 galvanising * iron, in making various alloys such as 
brass, in electric batteries, and in Parke’s process for 
desilverising lead. 

Galvanised iron is manufactured by immersing carefully cleaned 
sheets of wvought-iron in melted zinc, the surface of which is 
covered with ammonium chloride, as this substance dissolves oxide 
of zir^ 

The coating of zinc on galvanised iron prevents the rusting of the 
iron even when the citing gets scratched and the iron itself is 
exposed to atmosplid^c influences. This is not so in the case of 
tin-plate, for if the coating of tin gets damaged, so that iron is 
exposed, rusting proceeds very rapidly, causing the tin to peel off. 
The difference between the two cases is due to the fact that in the 
electric couple or galvanic battery (p. 297), formed from the iron 
and the other metal in conjunction with impure water, the iron is 
the positive electrode when in contact with zinc, hut the negative 
electrode when in contact with tin; in the former case, therefore, 
the.zinc, in the latter the iron, passes into solution. 

Zinc is only slowly attacked by moist air, and it then 
becomes coated with a layer, of basic carbonate, which pro¬ 
tects the metal from further change; when strongly heated 
in the air it burns with a very bright bluish flame, giving 
clouds of zinc oxide. Pure zinc is very slowly attacked by 
hydioeliloric or sulphuric acid at ordinary temperatures, but 
it is vigorously acted on by nitric acid, giving zinc nitrate. 
When in contact with certain other metals, such as copper 
or platinum, it is readily attacked by both hydrochloric and 
dilute sulphuric acids, owing to the formation of a galvanic 
couple (p. 297, also footnote, p. ^596). For this reason 
impure commercial zinc gives liydrogei^ very rapidly. Zinc 
and hot concentrated sulphuric acid give zinc sulphate, 

Inoig. 2 N • 
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sulphur dioxide, and water. Zinc .also dissolves chemicniiy 
in a hot. concentrated solution of sodium hydroxide, sodium 
zineate and hydrogen being slowly formed, 

Zn + 2Na( )II - Zn(< )Na) 2 + II 2 . 

Finely divided zinc (commercial zinc-dust, p. 624, which* 
generally contains a little zinc oxide), in conjunction with a 
dilute acid or a solution of sodium hydroxide, is used as a 
reducing agent; zinc-dust is also employed as a’ paint for 
iron-work. 

Zinc, like magnesium, is a bivalent metal. Its salts are 
derived from the oxide Zn(), and the soluble ones are pre¬ 
pared by treating the metal or the oxide with the required 
acid. All the compounds described below av« colourless. 

Zinc oxide, ZnO, is prepared by heating the carl ton ate or 
nitrate, but may also be obtained from the hydroxide, and 
by burning the metal. It turns yellow when heated, hut 
loses its colour again when cooled. It is insoluble in water, 
but dissolves chemically in nearly all acids. It is used as a 
paint (zinc-white). 

Zinc hydroxide, Zi^OII).,, is obtained as a white precipi¬ 
tate when a solution of a zinc salt is treated with sodium 
hydroxide or ammonium hydroxide, lmt the precipitate dis¬ 
solves on an excess of either of these reagents being added : 
in the case of sodium hydroxide, this is due to the formation 
of a soluble zineate, in which the zinc hydroxide plays the 
part of an acid, 

Zn(OII) 2 + 2NnOR - Zn(ON a), + 2H a O, 

but in the case of ammonium hydroxide a more, complex 
action occurs. 

Zinc chloride, ZnCl 2 , is prepared by treating sera]) zinc 
with hydrochloric acid and then evaporating the solution 
until it solidifies when cooled. The product, which is often 
cast into sticks, is not pufe, but contains basic zinc chloride, 
which is formed by tlje hydrolysis of the normal salt, 

ZnCl 2 + H a O = ZnCl-OH + HCL 
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Pure anhydrous zinc chloride is prepared by strongly 
healing a mixture of zinc sulphate and sodium chloride, 
when zinc chloride (b.p. 730 ) distils, leaving a residue of 
sodium sulphate. 

Zinc chloride is colourless, hygroscopic, and very readily 
soluble in water. It is used in soldering on account of its 
property of dissolving metallic oxides; it is also used in 
protecting wood from the attacks of moulds or bacteria. 

Zinc chloride absorbs ammonia, ■with which it forms several 
compounds, as, for example, ZnOU, Nir ;( . 

Zinc sulphate, ZtnSO,, 7H 2 <> (p. 220), ' formed, together 
with the oxide, when zinc sulphide is roasted (ill the .air); 
like # magnesium sulphate, it forms double salts of the type 
6H..O (p. 401). 

Zinc carbonate, ZnCO., like magnesium carbonate, is in¬ 
soluble in water, but it undergoes hydrolysis, so that the 
substance obfnined by precipitation is a basic carbonate or a 
mixture of carbonate ami hydroxide. 

Zinc sulphide, ZnS, dill'crs from magnesium sulphide in 
not being hydrolysed by water. It is obtained as a colourless 
precipitate when ammonium sulphide solution is added to a 
solution of a zinc salt, 

ZnCl, + (Ts T II 4 ).,S -- ZnS + 2N11.C1 ; 

but it is not precipitated when hydrogen sulphide is passed 
through such a solution (p. 220). It dissolves chemically in 
hydrochloric acid, hut is insoluble in acetic acid in presence 
of acetates ; this last fact is made use of in separating zinc # 
from manganese in analytical work. 

Cadmium, Cd ; At. Wt. 112-4. 

Cadmium is very similar to zinc in most respects, and is 
of relatively small importance; the metal is used in making 
fusible .alloys (p. 569), and its sulpiride is used a8 a paint. 

Cadmium occurs in the same states of combination as zinc, 
and is obtained in the wav already described (p. 624). In order 
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to five it from zinc it is converted into cadmium chloride 
and then into cadmium sulphide (see l>elow); the metal is 
again obtained from the sulphido by roasting tho latter and 
then reducing the oxide with coal. 

Cadmium lias a bright silvery lustre and a sp. gr. of* 
about 8'6 ; it melts at about 320° and boils at about 780°. 
Its behaviour towards acids resembles that of zinc. 

Cadmium oxide, CdO, is brown ; the colourless hydroxide, 
Cd(OH),, is insoluble in a solution of sodium hydroxide, but 
dissolves chemically in ammonium hydroxide solution. The 
chloride', Cd01 2 , 2H. J 0, is not hygroscopic and is not hydro¬ 
lysed by water. The sulphate, 3Cd»S<),, 8ir„<), dilfers from 
zinc sulphate as regards water of hydration, and is not of llie 
vitriol type. The carbonate, CdC< ) 3 , is not hydrolyseJ by 
water. 

All the above-named compounds are prepared by methods 
similar to those used in obtaining the corresponding deriva¬ 
tives of zinc; except the oxide, they are all colourless. 

Cadmium sulphide, CdS, is obtained as an orange-yellow 
precipitate when hydrogen sulphide is passed through a 
solution of a cadmium salt, 

CdSO, + H 2 S - CdS + H,S0 4 . 

It is insoluble in dilute liydrooldoric or sulphuric acid, and is 
therefore precipitated under conditions which do not allow of 
the formation of zinc sulphide. 


Mercury, Hg; At. Wt. 200. 

Mercury, the only metal which is liquid at ordinary 
temperatures, is found in small quantities in the free state, 
but it occurs principally in the form of its sulphide, HgS, a 
dull-red mineral known as rinnahav (p. 221), which is mined 
at Almaden in Spain, in Austria, Russia, Mexico, California, 
and otl^er places. • 

The conversion of mercuric sulphide into mercury and 
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sulphur dioxide is easily accomplished by heating the com¬ 
pound in an oxidising atmosphere, 

HgS + O^jrg + SO,; 

• 

and on the large scale this change hs brought about in 
furnaces of various kinds. Tin; mercury volatilises, together 
with .sulphur dioxide and furnace gases, 
and the principal, difficulty lies in con¬ 
densing the mercury vapour, for which 
purpose the products are passed through 
long flues. 

The crude metal may be freed from 
dust and dross by Altering if through 
chamois leather, but it still contains small 
fpiaiftitjjes of lead, copper, and other ele¬ 
ments; such impure samples tarnish on 
exposure to the air, owing to the oxidation 
of the impurities, and adhere to the surface 
of glass ; they also leave a ‘ tail ’ of oxide 
or dross in a vessel from which they have 
been poured. 

Pure mercury is obtained either by 
distilling the crude metal from iron 
retorts, or by treating it with very dilute 
nitric acid; in the latter case, the acid 
converts the dissolved impurities into 
soluble salts, and the mercury is sub¬ 
sequently washed with water. 

A form of apparatus used in the labora¬ 
tory for the purification of mercury is 
shown in fig. 114. The metal escapes 
from the funnel (a) in a very fine stream, and overflows 
into the leceiver. 

When pure mercury is dissolve^ in hot nitric acid, and 
the solution is evaporated to dryness, the salt thus obtained 
leaves no residue when it is ignited; if, however, the 



log. U4. 
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mercury contains iron, lead, copper, <fec., these impurities 
remain as 11011 -volatile oxides. 

Mercury is a silvery liquid of sp. gr. 13*C ; if crystallises 
(and molts^ at — 39'4° and boils at 357°. The, density of the 
vapour is about 100; hence the molecular weight of mercury 
is about 200. .Now, as the atomic weight of mercury is 200, 
it follows that the molecule of mercury is monatomic, (p. 383) 
—that is to say, consists of only one atom ; the molecular 
formula, therefore, is Ilg. Cadmium and zinc and many 
other metals are also monatomic. 

Mercury is used in the construction of thermometers, 
barometers, pumps, and other physical apparatus ; in working 
with gases which are soluble in water; in the extraction 
of silver and gold from their ores; and in making miiyors. 
It has the property of dissolving many other metals, and 
forming with them mixtures or compounds which are termed 
amahjavtA. 

Amalgams may he prepared by simply adding a metal to mer¬ 
cury at ordinary lemperaiures, or l>y heating the two metals 
together; also in some cases hv covering mercury with a salt of 
a metal. Thus, when mercury is left in contact with a solution 
of silver nitrate the silver is displaced by mercury, 

AgNO,+ Ug -IIgNO;, +Ag, 

and then dissolves in the excess of the latter. 

A tin-mercury amalgam was foimerly used in making mirrors, 
but nowaday s silver is principally employed ; sodium amalgam 
(p. 670) is of some importance. 

Mercury does not change on exposure to the air at ordinary 
# temperatures, but at about 300" it is slowly converted into 
mercuric oxide. It is not attacked by hydrochloric acid or 
by dilute sulphuric acid to an appreciable extent, but with 
hot concentrated sulphuric acid it gives a sulphate of the 
metal, with evolution of sulphur dioxide, 

Hg + UILSO, -*lIgSU 4 + HO„ + 2H 2 0. 

Nitre acid acts on lfiercury fairly rapidly, unless the acid 
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is coM and very dilute, and with excess of nitric acid mer¬ 
curic nitrate is formed, with evolution of nitric oxide (p. 243), 

31 rg + 8TLN< ) 3 = 3Hg(N0 3 ) a + 2NO + 4H 2 0. 

Mercury, unlike magnesium, zinc, and cadmium, gives rise 
to two basic' oxides, namely, mercurous oxide, llg 2 (), and 
mercuric oxide, UgO. The salts derived from mercurous 
oxide are not actually prepared from this oxide, and ex¬ 
cepting mercurous chloride and mercurous nitrate, are not of 
much importance* ; they probably contain Mm valent mercury. 
The salts derived from mercuric oxide contain 7>/valent 
mercury, and are of the same typo as the corresponding 
salts of magnesium, zinc, and cadmium. 

3V£/ercuric nitrate, Hg(N< ). { ) 2 , is formed when mercury is 
heated •with excess of moderately concentrated nitric acid 
(see above), and is obtained in colourless crystals when the 
solution is evaporated. It is readily soluble in dilute nitric 
acid, but it is hydrolysed by water, giving an insoluble 
basic salt, 

ITg(N( \), + 1T S 0 - Hg(N() 8 )*OH + HNO* 

the composition of which depends on the conditions; when 
this basic salt is boiled with excess of water it is completely 
hydrolysed and mercuric oxide is formed. 

Mercuric nitrate decomposes when it is gently heated, 
giving a residue of scarlet mercuric oxide, which at higher 
temperatures is converted into mercury and oxygen (foot¬ 
note, }). 237). 

Mercuric oxide, HgO, may be obtained by cautiously* 
beating the nitrate, or, more economically, by heating a 
mixture of mercuric nitrate anil mercury. It is also obtained 
by treating a solution of a mercuric salt with a solution of 
sodium hydroxide, 

Hy(.N <>.,), + 2NaOH = II),*T+ 2NaNO a + H s O; 
in this latter reaction, the hydroxide* H^(OH) 2 , which may 
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be the first product, is not obtained, as it does not exist at 
ordinary temperatures. 

Mercuric oxide prepared by precipitation is yellow and 
amorphous^ and quite different in physical properties from 
the red crystalline substance obtained by heating the nitrate., 
Both varieties are insoluble in water, and with acids give the 
mercuric salts; they both turn dark brown when they are 
heated (p. 81). 

Mercuric sulphate, HgS0 4 , is prepared by heating tho 
metal with concentrated sulphuric acid; it is crystalline, and 
is converted into an insoluble basic salt when it is treated 
with water. 

w Mercuric chloride, HgCl 2> may bo obtained by dissolving 
the oxide in hot moderately concentrated hydrochloric *icid, 
and then concentrating the (filtered) solution until long, 
needle-shaped crystals begin to separate. On the large scale 
the salt is prepared by boating an intimate mixture of 
mercuric sulphate and sodium chloride, 

HgS0 4 + 2NaCl - HgCl 2 + Na,S0 4 ; 

the mercuric chloride sublimes and condenses to a colourless 
crystalline mass, the non-volatile sodium sulphate remaining 
behind. 

Mercuric chloride melts at 265° find boils at 307°; its 
vapour density corresponds with that required by the molecu¬ 
lar formula HgCl 2 . It is readily soluble in hot water, and, 
like all soluble mercury salts, it is exceedingly poisonous ; 
it is employed in preserving wood, and in extremely dilute 
solution it is used as an antiseptic. From its properties it is 
commonly known as corrosive sublimate. 

An aqueous solution of mercuric chloride gives with 
ammonium hydroxide a colourless preeipitato (commonly 
known as ‘ white precipitate ’) of mercuri-ammonium chloride t 

HgCl 2 + NII 2 IIgCl + NII 4 C1. 

This preparation is used in medicine. It may be regarded 
as derived from ammoiiia by displacing one atom of hydrogen 
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by the univalent group of atoms - HgCl, or from mercuric 
chloride by displacing one atom of chlorine by the univalent 
amino-group — NI1 2 . 

^Mercuric iodide, Hgl 2 , like several other well-known 
mercury compounds, exists in two forms. It is obtained as a 
scarlet insoluble precipitate on a mercuric salt being treated 
with potassium iodide in aqueous solution, but the iodide 
must be added cautiously, as the precipitate combines with 
potassium iodide to form a colourless soluble compound, 
Hgl 2 , 2 KT, or K 2 Hgl 4 . This scarlet form of mercuric iodide 
changes at 120°, more rapidly fit 150 200°, into a canary- 
yellow form, which melts at 225° and volatilises at higher 
temperatures ; the yellow form, when cooled again to ordinary 
temperatures, may remain unchanged, hut when rubbed or 
when touched with a particle of the scarlet modification it 
changes into the latter. This behaviour of mercuric iodide 
is analogous to that of sulphur and of many other solids 
which exist in physically different (polymorphous) forms. 

Nexder’s solution is prepared by adding potassium iodide 
to mercuric chloride, both in aqueous solution, until the 
precipitated mercuric iodide has been converted into the 
soluble complex salt (p. 591) potassium mercuric iodide, 
K,IIgr 4 (see above), and then rendering the solution strongly 
alkaline with potassium hydroxide. This solution gives with 
ammonia or with any ammonium salt a yellowish-broAvn 
precipitate, 

2HgT 2 + 4NIT.J = NHgJ + 3NH 4 I, 

and even with traces of ammonia a yellow or brown coloura-* 
tion is obtained; hence Nessler’s solution is employed in 
testing drinking-waters for contamination with sewage. 

Mercuric sulphide, HgS, is obtained as a black precipitate 
when hydrogen sulphide is bubbled through a solution of a 
mercuric salt, . 

HgCl 2 + H 2 S = HgS + 2HC1; 

but the first product is generally a colourless precipitate of 
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the composition HgCl.,, 2JIgS, which changes firs!, to yellow 
aiul Idicii to black as it passes into the sulphide. 

Mercuric sulphide is also formed, together with mercury, 
when hydrogen sulphide is passed into a solution of a mer¬ 
curous salt; the reason of this is that mercurous sulphide,’ 
the initial product, undergoes decomposition at ordinary 
temperatures, 

2HgN(> 3 +11,8 - llg,K f 2ILNO a 
Hg 2 H =- II gS + Tig. 

The black form of meicmie sulphide, obtained by precipitation, 
sublimes wiien it is healed out of contact with the air, and gives a 
dark lushous civstalliiie sublimate ; this product closely resembles 
native cinnabar, and gives a scarlet powder when it is ground. 
Tlie black sulphide also passes slowly into the red ionn when it 
is left in contact with a solution of sodium sulphide. # J’he two 
varieties of mercuric sulphide have the same composition, and like 
the two mercuric iodides are different, physical forms of one and 
the same compound. The scarlet, sulphide is used as a paint 
(vermilion), iu colouring sealing-wax, &c. 

Mercuric sulphide is insoluble in hydrochloric acid and 
in nitric acid, but with aqua regia (p. 236) it gives soluble 
mercuric chloride; as already stated, it is converted into 
mercury and sulphur dioxide when it is heated in the 
ail. 

Mercurous nitrate, llgX0 3 , is formed when mercury is 
left in contact with cold dilute nitric acid, and is obtained 
in colourless hydrated crystals, H«NU.„ II, O, on the solution 
being evaporated. It is hydrolysed by water, giving an in¬ 
soluble basic salt, Hg(OII), llgNO s , and its solution in dilute 
nitric acid undergoes oxidation on exposure to the air, 


4HgN0 8 + .4IIN<>, + (V 


41Ig(N(y ; , + 2ir,0. 


In view of the latter fact, a little mercury is generally kept 
in solutions of mereuroul nitrate, as the metal reduces any 
mercuric nitrate which may be formed, 

Hg(x\0 3 ) 2 + Hg^2IIgN(v 
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Mercurous oxide, Hg 2 0, is obtained as a black precipitate 
oil mercurous nitrate being treated with sodium hydroxide in 

aqueous solution ; the hydroxide, Hg(OH), is unknown, 

• 1 

2HgN0 8 + 2 N a Oil - IIg.,0 + H 2 0 + 2NaN0 3 . 

• Mercurous oxide decomposes when it is gently heated, 
giving mercuric oxide and mercury; the same decomposition 
occurs when the oxide is treated with acids, and in conse¬ 
quence a mercuric salt is formed under these conditions as 
the result of a secondary reaction. 

^ Mercurous chloride, llgCJ, is insoluble in water, and is 
obtained as a colourless precipitate on mercurous nitrate 
being treated with hydrochloric acid in aqueous solution, 

HgN< \ + UCl - llgCl + II NO,, 

It is prepared on a large scale by heating mercuric chloride 
with mercury, or by heating mercuric sulphate with mercury 
ami sodium chloride, 

IIgS0 4 + Hg + 2NaCl - 2HgCl + Na.,S0 4 . 

The product sublimes and condenses as a colourless crystalline 
mass. 

Mercurous chloride is decomposed by boiling hydrochloric 
acid, giving a solution of meicurie chloride and a residue of 
mercury. With nitric acid it gives a solution of mereuric 
chloride and mercuric, nitrate. 

Mercurous chloride gives with ammonium hydroxide a 
black product, which is probably a mixture of mercury and 
mercuri-ammonium chloride (p. 632), , 

2HgCl + 2NIT, = 11 gN HoCl 4- Hg + N1I 4 C1. 

On account of this property mercurous chloride is commonly 
known as calomel (from a Greek word meaning ‘ fine black ’). 

Mercurous chloride is used in medicine ; for this purpose 
it must be most carefully fre^d from the more highly 
poisonous mercuric salt by extracting#tho latter with # water. 
It is met with in qualitative analysis (a) in separating 
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mercurous or univalent mercury from other metals, and (b) 
in testing for mercuric chloride with stannous chloride, or 
vice versti (p. 590). 

In absence of every trace of water, pure mercurous chloride 
gives a vapour the density of which (at 448°) corresponds with* 
that required by the formula Hg 2 01 2 . In presence of moisture 
the vapour density is only half that of the perfectly dry 
vapour, but under these conditions the salt dissociates into 
mercury and mercuric chloride. It is doubtful whether the 
existence of the molecules, Hg.,Cl.>, should be regarded as a 
case of association or as evidence that mercury is bivalent in 
this compound. 

Mercurous iodide, Hgl, is not very stable. It seems to he formed 

* 

as a yellowish green solid when iodine is rubbed with excess of 
mercury or when mercurous nitrate is treated with potassium 
iodide in aqueous solution, lmt it decomposes in sunlight, giving 
a mixture of mercury and merem io iodide. 


The Relationship between the Klrments op the 
Magnesium Family. 


Of the elements included in this family, magnesium, zinc, 
and cadmium are more closely i(dated to one another than 
they are to mercury; the last-named metal is exceptional 
in forming an oxide, X 2 0, and a .series of corresponding 
salts in which the element is apparently univalent, and in 
which it shows some relationship to the members of the copper 
family (p. 605). The increments derivatives being excluded, 
( it will he seen that the members of the magnesium family 
all give rise to compounds in which the metals are bivalent 
—as, for example, the oxides XO, the hydroxides X(OH) 2 , 
and the chlorides XCJ 2 ; corresponding compounds resemble 
one another in physical and in chemical properties, and 
show, as in other cases, gradual change in properties in 
passing from the derivatives of magnesium to those of 


mercury. « 

Since magnesium is almost as closely related to the members 
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of the calcium family as to zinc, cadmium, and mercury, the 
further consideration of these analogies may be deferred until 
the calcium family has been dealt with. 


CHAPTER LVIIL 

The Calcium Family. 

The three elements, calcium, strontium, and barium, which 
constitute this family arc very closely related. They occur in 
nature chieily in the form of their carbonates and sulphates, 
which a^e white earthy minerals ; their carbonates are ‘mild 
alkalis’ (p. 75), while their hydroxides resemble in many 
respects those of the alkali-metals, and are ‘caustic alkalis’ 
(p. 75). For these reasons calcium, strontium, and barium are 
often spoken of as the metals of the alkali-earths. 


Calcium, Ca; At. Wt. 40*1. 

The more important naturally occurring compounds of 
calcium have already been fully described (pp. 57-62, 69-75, 
226, 401, 549), and also certain compounds, such as calcium 
oxide (quicklime, p. 57), calcium hydroxide (slaked lime, 
p. 58), and calcium chloride (p. 148), which are obtained 
from these minerals. Calcium compounds are contained in 
all animals and plants (p. 139). 

The free clement is now manufactured by the electrolysis 
of the fused anhydrous chloride, a process by which it was 
first obtained by Davy. 

As thus produced it has the appearance of lead, but is 
much harrier than the latter, and is cut only with difficulty; 
its sp. gr. is about 1*85 (or 15), an% its melting-point about 
760°. It is a very active metal; likc^ magnesium it burns 
when it is heated in the air, giving calcium oxide and*some 
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calcium nitride , Cn 3 No. Tt decomposes water readily, with 
formation of calcium hydroxide and liberation of hydrogen, 

Ca + 2H/) = Ca(()ll) J , + TI 2 . 

It combines with nitrogen at a red heat, and also gives 
compounds with hydrogen,* sulphur, phosphorus, carbon, 
and other elements ; the nitride (see above) is decomposed 
by water, giving ammonia and calcium hydroxide. 

Calcium is sometimes used in separating small quantities 
of water from alcohols. 

Calcium carbide, CaC.,, is manufactured by heating a mix¬ 
ture of coal and limestone at a very high temperature in an 
electric furnace; the calcium oxide .produced from the lime¬ 
stone reacts with the carbon of the coal, giving calcium 
carhide and carbon monoxide, ^ 

CftO + 3C = CaC 2 + C<). 

The liquid product solidifies on cooling to a gray, very 
hard, crystalline mass, which is used for the preparation of 
acetylene, 

CaC, + -ILO = C L ,1I. 2 + Ca(f >1 [) 2 , 

and for other purposes (p. hi9). 

The salts of calcium are derived from the, oxide CaO. The 
insoluble ones, such as the carbonate, phosphate, and fluoride, 
and the sparingly soluble sulphate, are all natural minerals 
and are not manufactured; in the laboratory they may be 
obtained by precipitation. The soluble calcium salts are 
prepared by dissolving the native carbonate in acids; but 
as limestone often contains impurities, pure calcium carbonate 
must be used in the laboratory if pure preparations are 
required. 

Calcium oxide, CaO, prepared by heating the carbonate, 
nitrate, or hydroxide of calcium, is colourless, and only melts 
at the highest temperature of the electric furnace. In the 

* Calcium hydride, CaH 2 (known commercially as hydrolith), is rapidly 
formed when calcium is hftated in dry hydrogen ; when placed in water it 
gives hydrogen and calcium hydroxide. 
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impure form (quicklime, p. 57) it is used in generating the 
lime-light (p. 135), and also as a lining for crucibles and 
furnaces. 

Calcium hydroxide, Ca(OII) 2 , prepared "by slating quick¬ 
lime (p. 58), is used in the Manufacture of ammonia (p. 267), 
caustic soda (p. 672), and blenching-powder, in making mortar 
and cements,* in tanning, and in agriculture ; its aqueous 
solution, lime-water, is used in softening natural waters 
(p. 281) and in medicine. ■ 

Calcium chloride, CaCk, has already been described 
(p. 1 18); f the bromide, Calhv,, and the iodide, Cal 2 , re¬ 
semble lliu chloride; but the Uuoride is almost insoluble in 
water. 

INeaehiny-potnlor is a very important commercial product 
obtained by passing chlorine into chambers the floors of 
which are covered with a layer of dry slaked lime. 

The ehambeih are made of Hag-stones luted together with asphalt, 
or else of sheet lead. At first the chlorine is rapidly absorbed, and 
care must betaken that the temperature does not rise above 50", 
otherwise some calcium chlorate is formed. 'When the absorption 
of the gas is at. an end, the hleaehing-powder is packed into casks. 

The change which occurs during the conversion of slaked 
lime into bleaching-powder consists essentially in the trans¬ 
formation of calcium hydroxide into calcium hypochlorite and 
calcium chloride, 

2Ca(Orr) 2 +. 2 CI 0 = Crt(OCl), + CaCl, + 2H 2 0, 

* Ordinary mortar, a mixture of wet slaked lime and sand, gradually 
hardens on exposure to the air owing to the formation of calcium carbonate,* 
winch is slowly deposited around the particles of sand, and then gradually 
becomes crystalline. 

Ifjatrauhc returnts, such as Portland cement, which harden under water, 
art) prepared by cautiously heating carefully prepared, finely divided mix¬ 
tures of limestone or clmllc and clay. When the product is mixed with 
water to a paste it rapidly hardens, even under water, owing probably to 
the hydration of the calcium and aluminium silicates. (Compare p. 227.) 

f The hydrated Halt, CaCLj, (IILO, dissolves in water with absorptiou 
of heat. The anhydrous salt absorbs anmifmia, forming a compound, 
OaCl a , 8NII3. 
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a reaction which lias already been studied (p. 430). It would 
seem, however, that a secondary reaction also takes place, 
whereby the chloride and hypochlorite react to form a salt 
which is partly a chloride and partly a hypochlorite, 

CaCl 2 + Cn(OCl) 2 = 2CaCl(OCl) or 2Ca<jjj 1 , 

and which, therefore, may be called calcium chlorohypo- 
chlorite. 

Tlie principal reasons for believing that this secondary change 
occurs are: («) bleaching-powder is not hygroscopic, (b) alcohol does 
not extract solnhle matter from it. As calcium chloride is very 
hygroscopic and is soluble in alcohol, its presence in bleaching- 
powder is very unlikely. Possibly the interaction of chlorine and 
slaked lime takes place in the two stages represented by the 
following equations, 

Ca(< >ITb + Cl., = CaCI(OH) t 11001 
Ca01(O U ) +11 OCl - OaCl(OCl) + H a O. 

When bleaching - powder is treated with cold water it 
gives a strongly alkaline solution, but it does not dissolve 
completely in, say, 50 times its own weight of water; the 
insoluble matter consists principally of calcium hydroxide. 

These facts seem to show that bleaching-powder contains calcium 
hydroxide, and no doubt samples which have not l>een thoroughly 
chlorinated do so. Well-prepared samples, however, are probably 
almost free from calcium bydioxide, and this substance is only 
formed {is the result of the hydrolysis of calcium hypochlorite, 

Ca(OCl) 2 + 2H a O * -> Ca(OH) 3 + 2 HOCI, 

produced from the calcium cblorohypochlorite when the latter is 
treated with water, 

2Ca(/l(OCl) ^ Ca(O01) a +CaCl* 

The aqueous solution of bleaching-powdcr, like the dry 
powder, has a smell recalling that of chlorine .and that 
of liypochlorous acid; this solution is used in commercial 
bleaching. 

When a coloured in ferial—as, for example, blotting-paper 
soaked ‘in litmus solution—is placed underneath the surface 
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of a solution of bleaching-powder, the coloured substance is 
only very slowly attacked; if, however, the material is iirst 
dipped into the bleaching-powder solution and then exposed 
to the air, it is bleached much more rapidly, and feven more 
quickly still when exposed to carbon dioxide. This is because 
the calcium cblorohypochlorite is relatively stable, but when 
it is treated with (atmospheric) carbonic acid it gives hypo- 
chlorous acid (p. 431), which is a vigorous oxidising (bleach¬ 
ing) -agent. 

Bleaching-powder gives chlorine when it is treated with 
hydrochloric or sulphuric acid, 

CaCl(OCl) + 2HC1 - Cl 2 + CaCl 9 + H„0 
CaCl(OCl) + H 2 SU 4 - Cl 2 + CaS0 4 + H 2 0. 

The quantity of chlorine which is thus obtained depends 
on that of the calcium cblorohypochlorite contained in the 
sample and not on the nature of the acid. In these reactions 
hypochlorous acid is lirst liberated; in the case of hydro¬ 
chloric acid the changes may be expressed thus: 

CaCl(OCl) + HC1 = CaCl 2 + HOC1 
H0C1 + HC1 = C1 2 + H 2 0, 

and in the case of sulphuric acid thus: 

CaCl(OCl) + H.,S0 4 = C*S0 4 + HCI + HCIO 
HOC1 + HCI - Cl, + II 2 0. 

The 1 teaching-powdr thus depends on the quantity of 
hypochlorous acid given by the sample, because it is this 
acid which oxidises the colouring matters, and is itself reduced 
to hydrogen chloride. As, moreover, the quantity of chlorine 
which is liberated by acids also depends on that of the hypo¬ 
chlorous acid (see equations), it follows that the bleaching 
value of a sample of the powder may be ascertained by finding 
the percentage of chlorine given bjlthe powder when it is 
mixed with excess of an acid. 

This is very easily done by treating a known weight of 

Indt 2 O 



642 


THE CALCIUM FAMILY. ' 


the sample with acotie acid * in presence of excess of potassium 
iodide, and then finding how much iodine has heen liberated 
by tilratioq with sodium thiosulphate (p. 197). The (piantity 
of chlorine thus determined is usually about 36-38 j>er cent, 
in good samples of the powder. This chlorine is termed 
available chlorine. 

If bleachiug-powder were a pure compound of the composition 
CaCl(OCI), HjjO, produced in accoidance with the equation already 
•riven (p. 639), it would contain 49 per cent, of available chlorine, 
but even the very best samples contain only 42-43 per cent. 

The available chlorine may also be determined by treating the 
powder with excess of hydrogen peroxide in a nitrometer (p. 476) and 
measuring the liberated oxygen, 

Ca \OCl + H a°2 =CaC1 a + H 2° + O* 

Blejicliing-powder deteriorates when it is kept, especially if 
exposed to light, and in strong sunlight oxygen is libeiated, some¬ 
times very rapidly. 

Other hypochlorites, prepared by electrolysis (p. 432), are now 
l>eing used as substitutes for bloaehing-powder. 

Calcium nitrate, Ca(NU 3 ) 1!1 prepared by treating the 
carbonate with nitric acid, is obtained in colourless hydrated 
crystals (4H 2 0) on evaluating the solution ; it shows the 
usual behaviour of a metallic nitrate when it is heated, 

2Ca(N0 8 ) 2 = 2CaO + 4fl< >„ + 0 2 . 

Calcium sulphate, CaS0 4 (pp. 226, 281), and calcium 
phosphate, Ca 3 (P0 4 ) 2 (p. 549), have been described. The 
sulphate dissolves chemically in moderately concentrated 
hydrochloric acid, owing to the occurrence of the reversible 
reaction, 

CaS0 4 + 2HC1 *—^ CaCl 2 + II 2 S0 4 , 
q,nd the phosphate behaves in a similar manner, 

Ca 9 (P0 4 ) 2 + 61IC1 *—> SCaCl, + 2H S P0 4 \ 

* Aoetic acid is used Ijecaufc stronger acids would act on any chlorate 
present, liberating chlorine; as the chlorate is useless for bleaching pur¬ 
poses, <he chlorine obtained from it by the action of strong acids is iiot 
available oblorine. 
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hut if tin; solutions arc evaporated hydrochloric acid volatilises 
and the reactions proceed from right to left (p. 359). 

Calcium sulphide, OaS, is formed when an intimate mixture of 
calcium sulphate and charcoal is strongly heated out of contact 
with the air, ■ 

• CaS() 4 4- 4<J - CuS 4 4CU, 

but the product cannot la; purified ; it is practically insoluble in 
water (p. ‘274), hut in contact with water it h, slowly hydrolysed, 
giving calcium h>dioxide and soluble calcium hydiosulphide, 

2 CaS i 21 U) = Ca(< )T1 ) 2 4- Ca(SH ) 2 . 

For this reason calcium hydiosulphidc, and not calcium sulphide, 
is formed when hydrogen sulphide is passed into a solution of 
calcium hydroxide, 

('a(0 II), + 2 Li .,S - Ca(S II), 4- 2H..O. 

Volatile calcium salts, such as the chloride, give a red colour 
to a uon-luminmis Ihtme. 

Httiontium, Sr; At. Wt. 87*6. 

The metal strontium is so very closely related to calcium that 
a very brief description of its compounds will suffice, especially 
as few of these are of*any great importance. The naturally 
occurring strontium compounds are the carbonate, BrCO.,, 
which is found as the mineral struntianite , and the sulphate, 
►SrS0 4 , which is often of a blue colour, and is hence known as 
cuientitle. 

Strontium may he obtained by the electrolysis of fused 
strontium chloride, but the free element (sp. gr. about 2 - 5) is 
practically unknown; it resembles calcium, but is rather more# 
active, than the latter 

The soluble salts of strontium are easily prepared from the 
carbonate, but they cannot be directly obtained from the 
sulphate, as this compound is practically insoluble in acids. 
When the sulpha to is used us a sou^e of strontium compounds 
it is first reduced to the sulphide, SrS, by heating it with 
Coal or pitch; the sulphide is then •transformed into the 
chloride or nitrate (dilute acid being used). 
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Strontium oxide, SrO, is obtained by heating the nitrate 
or the hydroxide; it cannot be conveniently prepared from 
the carbonate as this salt decomposes only at very high 
temperatures. The oxide resembles calcium oxide, and com¬ 
bines with water to form the hydroxide. » 

Strontium hydroxide, Sr(OH) 2 , is perhaps the most inw 
portal it strontium compound from a practical standpoint. It 
is maiiuractured by passing superheated steam over the heated 
carbonate, 

SrCX ) 3 + H,() - Sr(OII), + CO,. 

This (reversible) change is brought about more readily than 
the dissociation of the carbonate, partly because the steam 
rapidly removes the liberated carbon dioxide, partly because 
the combination of the oxide with water is an exothermic 
reaction. 

Strontium hydroxide is not decomposed by beat so readily 
as is calcium hydroxide, and it is more soluble in water than 
the latter; from its solutions it separates in hydrated crystals, 
Sr(OII),, 811,0. 

When the hydroxide is added to a solution of (impure) 
cane-sugar (sucrose), it gives with the sugar an insoluble 
precipitate of strontium sucrosate; for this reason the 
hydroxide is used in preparing pure sugar from molasses 
(treacle) and other impure samples. * The precipitated 
sucrosate is separated from the motlier-lirpior, which contains 
the impurities, and is then suspended in water and treated 
with carbon dioxide ; it is thereby decomposed, giving a 
# precipitate of insoluble strontium carbonate, and a solution 
of pure sucrose, which is afterwards evaporated. 

Strontium chloride, SrCl 2 , and strontium nitrate, 
Sr(NO s )„ are readily soluble in water. 

Strontium carbonate, SrCO.,, is insoluble in water and 
may be obtained by precipitation, * 

SrCl 2 + (NH 4 ) 2 COg = SrCO., + 2NH 4 C1. 

• c 

Like calcium carbonate, it dissolves chemically in carbonio 
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adcl, giving the soluble hut unstable strontium hydroym 
carbonate , Sr(HCO s ) 2 . 

Strontium sulpliate, SrS() 4 , may l)o converted into other 
strontium compounds in the manner described ^p. 643), and 
also (in the laboratory) by the following process: The finely 
powdered sulphate is mixed with about five or six times its 
weight of ‘fusion mixture,’* and the mixture is strongly 
heated over the blowpipe-flame? in a platinum crucible. 
After the product is cooled, it is boiled with water in order 
to dissolve the sulphates of sodium and potassium which have 
been formed, 


SrSC> 4 + Nhi , 2 (X >„ - Sr( X )„ + Xa,S( \ 


The insolulde strontium carbonate is then separated by filtra¬ 
tion, washed with water until free from soluble sulphates, 
and finally dissolved in the required acid. It should be 
noted that if the product of fusion is directly treated with 
ail acid (before the soluble sulphates have been removed), 
the strontium salt which is formed immediately reacts with 
the soluble sulphate, and insolulde strontium sulphate is 
regenerated. 

Strontium salts, which volatilise when heated in theBunsen- 
llume, impart to the flame a crimson colouration 


Barium, IJa ; At. Wt. 137-4. 

Barium, like strontium and calcium, occurs in nature in 
the form of ils carbonate, BaCX). { , and sulphate, BaS0 4 . The 
former is found as the mineral wittuTi 7e, the latter as the 
mineral heavy spar or barytes (sp. gr. 4*4), both of which ate 
colourless and crystalline. 

Barium may he obtained by the electrolysis of fused 
barium chloride ; its chemical properties are similar to those 
of strontium and calcium, but it is even more active than 
strontium. * 

* A mixture of tlie carbonates of sodiugi and potassium which melts 
more easily than doeB sodium carbonate alone. * 
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The derivatives of barium are prepared from its naturally 
occurring compounds by methods similar to those used in 
obtaining strontium derivatives from strontiunite and ce.Ics- 
fcine. Thu/?, from witherite, barium chloride and barium 
nitrate may be directly prepared ■ but as heavy spar, the more 
abundant mineral, is insoluble m acids, it is first converted, 
into the sulphide by heating it with coal or pitch (p. 643). 

The sulphate may also he heated with pitch and calcium 
[chloride; when the sulphate has been reduced to sulphide 
the mass is extracted with water, the solution is separated 
from the insoluble calcium sulphide which is formed, 

BaS 4- CaCl.j - Bad* + ( -nS, 

and tin* barium chloride is obtained in crystals by Concen¬ 
trating and then rooling the solution. 9 

Barium monoxide, Had, cannot be conveniently pfe paml 
by heating baiium hydroxide mV barium carbonate, because 
so high a temperature is required to decompose these 
compounds. 

barium carbonate iini\ he eon veiled into the oxide by heating it 
with coal dust at about lion dining an hour m so; the carbon of 
the coal UoaIoiis Ihe decomposition, because it leaets with the 
carbon dioxide to fonn caihon monoxide, and thus diminishes the 
molecular concentration of the former. 

It is usually prepared by strongly heating barium nitrate, 
but even this decomposition is not easily accomplished in the 
laboratory. 

Barium monoxide is colourless , when heated in oxygen, 
or in purified air, at about f)00 r it is converted into the 
dioxide. It combines readily with water, forming the 
hydroxide. 

Barium hydroxide, Ba(OlI).,, is moie readily soluble than 
strontium hydroxide, and separates from saturated aqueous 
solutions in lustrous hydrated crystals, l’»a(<)II811.^0; it 
is a strong base, and its g aqueous solution (baryta water) 
absorbs carbon dioxide very readily, the insoluble carbonate 
v being precipitated. 4 
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Barium peroxide, Ba() 2 , may be obtained by the method 
mentioned above, but the pure oxide is best prepared by 
treating a concentrated solution of barium hydroxide with 
a fairly concentrated solution of hydrogen perqxide. The 
hydrated crystals, BaO a , 8H 2 0, which are then precipitated, 
,inay be dehydrated by cautiously warming them in a 
vacuum.* 

Barium peroxide or dioxide is an important compound, and 
is used in the manufacture of oxygen (and hydrogen peroxide). 
It is not a basic oxide, since with acids it gives salts derived 
from barium monoxide; its constitution may be represented 

by one of the following formulae, Ba/^ or Ba=*0 = O, hut 

N) 

it ig difficult to decide between them. 

Thtf only important soluble salts of barium are the chloride 
and the nitrate, which are prepared by the methods given 
above. 

Barium chloride, BaCl 2 , is less readily soluble in water 
than is strontium chloride, and separates from aqueous solu¬ 
tions in hydrated crystals, BaCl^ 2H 2 0; barium nitrate, 
Ba(NO <s ) lJ , is anhydrous. 

Barium carbonate, P>aO< > 3 , as already stated, is much more 
stable towards heat than is calcium carbonate; it may he 
prepared in a pure state by precipitation, as it is not hydro¬ 
lysed hy water. 

Barium sulphate ; BaSf> 4 , is also obtained in a pure state 
by precipitation, and is the least soluble of all the sulphates. 
Tt is slowly and only incompletely converted into carbonate 
when it is Ixriled with a concentrated aqueous solution of 
sodium carbonate (p. 3G0), and it is not appreciably soluble 
in acids. In order to prepare other compounds from barium 
sulphate in th«» laboratory, tlie salt is heated with excess of 
fusion mixture, and the product is then treated in the manner 

. % 

I * Hydrated crystals of strontium dioxide and of calcium dioxide may be 
obtained from strontium and calcium hydroxides respectively in a similar 
manner. 
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described in the case of strontium sulphate (p. 645), care 
being taken to extract all the sodium sulphate with water 

before adding an acid to the barium carbonate. 

* 

That barium sulphate may he practically completely converted 
into the carbonate by fusing it with about 4 gram-molecules of 
fusion mixture is probably due to the separation of the carbonate 
from the fused mixture of salts as the latter cools, and before the 
sulphate begins to crystallise out. 

Barium sulphate is employed as a paint (permanent white) 
and as a ‘filling' in making writing-paper, Ac. 

Other barium salts insoluble in water arc the chromate, 
JxiCr0 4 , ami the phosphate, 

Barium sulphide, I»aS, like calcium sulphide, is hydrolysed i»y 
water, giving the soluble hydrosulphide and hydroxide, * 

2BoS+2IL.0 = P*a(SH),+ Ba(< >H )«. 

Volatile barium compounds, such as tin* chloride, impart 
a yellowish-green colour to a Bunson-flame. 

The Relationship op the Elements of the 
Calcium Family. 

The similarity between the throe hiralnd metals of this 
family is so striking that it is hardly necessary to discuss 
their relationship. Their oxides, XO, hydroxides, X(OJl).„ 
chlorides, XC1 2 , carbonates, XC() 3 , sulphates, XS() 4 , and, in 
fact, all their corresponding compounds have similar physical 
and chemical properties. At the same time there is a 
gradual change in these properties in passing from calcium 
through strontium to barium, whether the elements themselves 
are considered, or any series of corresponding derivatives. The 
nature of this change is in most cases expressed by saying 
that the basic character of the element becomes more pro¬ 
nounced as the atomic weight increases. Barium is more 
vigorous than strontium, i(iid strontium than calcium, in its 
action on water. Barjum hydroxide is more soluble, more 
active, and more stable towards heat than calcium hydroxide, 
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and strontium hydroxide stands between the two. Similarly, 
barium carbonate is more stable towards heat than calcium 
carbonate, while strontium carbonate has intermediate pro¬ 
perties. In these and in other respects barium approaches 
piore nearly the alkali metals than does strontium, while 
calcium forms a connecting link with the members of the 
magnesium family. • 

The elements of the magnesium sub-family and those of 
the calcium sub-family constitute Family 11. of the periodic 
system (p. 720). The family being taken as a whole, it may 
be said that the anomalies are few in number, while the regu¬ 
larities are well marked. Beryllium and magnesium may be 
regarded as belonging equally to both sub-lamilies; while 
they*diyTer from zinc, cadmium, and mercury in being‘light 
metals/ in giving sulphides which are decomposed bv water, 
and in other respects, they also diller from calcium, strontium, 
and barium in giving hydroxides which are almost insol¬ 
uble in water, in giving carbonates which are converted 
into oxides at comparatively low temperatures, and so on. 
Differences sucli as these arc only to be expected, since a 
‘ break * is often observed in passing from elements of the 
small to those of the large periods. 

The typical compounds of Family II. are those in which 
the elements are bivalent, and the close chemical relationship 
shown by corresponding compounds has already been indi¬ 
cated. Further examples of the gradual change in properties 
with increasing atomic weight are given in discussing the 
periodic system (p. 724). « 

The exceptional or ‘ abnormal * behaviour of mercury in 
giving rise to the mercurous derivatives has already been 
noted. Even if it is assumed that mercury is bivalent in 
these compounds—and the evidence for or against this view 
is not very conclusive—the other foments of the family do 
not form corresponding derivatives. 
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CHAPTER LTX. 

The Metals of the Copper Family. » 

# 

Throe well-known metals arc included in this family, 

namely, copper, silver, and gold These elements have, the 

ordinary physical characteristics of heavy metals, and they are 

all verv good conductors of electricity. In their chemical 

behaviour they are not very closely related , for although 

they are all univalent in certain of their compounds and 

thus give rise to compounds of the ?,ame type, copper is 

bivalent in its best-known salts, and gold is torvaleuL Then; 

.. • 
is, therefore, a wide difference between these derivatives of 

univalent silver, bivalent copper, and t-ervalent gold. 

Coiteh, Ou; At. \Vt. 

This metal occurs in nature in the free state, and in con¬ 
sequence has been known from the very earliest times; it 
denies its name from Cyprus, whence if, was at one time 
principally obtained. Large quantities ol native copper an; 
now mined in the neighbourhood of Lake, Superior, in Chili, 
Peru, and Polivia, and occasionally large masses weighing 
a§ much as i50 tons are found ; sometimes the metal occurs 
in crystals. 

Many compounds of copper are also found in nature, and 
most of the world’s supply of the metal is obtained from 
these compounds. The oxide, Cu,<), occurs as the mineral 
cuprite nr red. copper ore.. basic carbonates are represented 
by malachite, CuCf L, Cti((and uzuritr, 2(JuC0 8 , 
tiie former is a grocu, beautifully veined stone which is often 
used for ornamental work, while the latter has a deep-blue 
colour. Cuprous sulphwfe, CujS, is found as nipper </lance , 
and, mixed with sulphides and arsenides of iron and other 
metals, as copper pi/rite m, Cu y S, FiyS a (or CuFeS.,), 
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Owing to the, groat variety of the ores of copper ami 
the many different. copper compounds which they contain, 
in addition to sand, clay, calcium silicate, &c., the extraction 
of the metal is not an easy matter, and various processes 
are employed.; moreover, the different ores may be introduced 
ift different stages of the operations. 

The principles on which these processes are bused are as 
follows : 

When sulphide ores are*roasted in a (revel hemtory) furnace 
the sulphides of iron, zinc, and other metals are oxidised, 
with formation of a metallic oxide and liberation of sulphur 
dioxide, hut the cuprous sulphide remains practically un¬ 
changed. On the heat being increased, the metallic oxides 
unit<» with the silica present, forming a fusible slag, and the 
cuprous* sulphide also melts. These two liquid product* 
separate from one another, and the cuprous sulphide is run 
off from below. 

When the. cuprous sulphide, freed from other sulphides, 
is now heated in a reverberatory furnace it gradually under¬ 
goes oxidation, 

LHhijjK + 3(> n - 2Cu„0 + 2S< 

and after some time a mixture of oxide anti sulphide results. 

On the heat being then increased, the cuprous oxide which 
has been formed reacts with the unchanged sulphide (com¬ 
pare lead, ]> 595), and copper is produced, with liberation of 
sulphur dioxide, 

2Cu.>0 F Cu,K - GCu + K< 

In the process which is principally employed in England the 
following operations are canied out t 

(1, a) Mounting for Coarse Metal. The sulpliid- ores, and the 
slags from 2, h, are roasted in a reverhoratorv furnace (tig. 110, p. 587), 
The iron pyrites and arsenical pyiites a,re thus oxidised, anti sulphur 
dioxide and arsenious anhydride \ol%tilise, but the changes are 
incomplete. 

(I, b) Melting for Coarse Metnl. - The*temperature is raised, 

whereupon tlw oxides of iron unite with the silica and clay to 

A 
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form a fusible slag. Any cuprous or cupric oxide which has been 
formed reacis with sulphide of iron, 

. CujjO f FeS = CiioK + FeO 

2CuO + 2FeS = Cu 2 S + 2FeO + S, ' 

and the oxide of iron thus formed ]»:isses into the slag. The slug 
and the cuprous sulphide separate into two liquid layers, and the 
cuprous sulphide is run out into water in order to grauul.ate it. 
The impure cuprous sulphide thus obtained is called coarse metal. 

(2, a) Roast.inf) for Fine Metal. This stage is a repetition of 
1, a, and the object is to eliminate sulphur and arsenic as before. 

(2, h) Melting for Fine Meta!.- This stage is a repetition of 1, 6, 
but the cuprous sulphide which is now obtained is far richer than 
before, and is called fine metal. 

(3, a) Roasting for Blister Capper. —The cuprous sulphide (fine 
metal) is heated in an oxidising atmosphere in order to convert 
some of the sulphide into oxide (see p. 651); oxide ores, free from 
sulphui compounds, are sometimes added to the fine metal. 

(3, h) Melting for Blister Capper. —The mixture of oxide and 
sulphide is strongly heated in order to bring about the interaction 
shown above (p. 6f>l); during this operation the escaping sulphur 
dioxide often Can ics away fine particles of copper which are deposited 
in the Hues (copper-rain). The liquid metal is run ofF. The name 
blister copper is given to it because the sulphur dioxide which 
continues to escape during the cooling of the metal causes blisters 
or bubbles at the surface. 

The slags, rich in copper, resulting from this last operation are 
worked up again with the coarse metal from 1, b. 

The copper resulting from these operations generally con¬ 
tains about 98 or 99 per cent, of this metal and small quan¬ 
tities of many others (silver, load, nickel, iron), as‘well as 
• combined oxygen, arsenic, and sulphur. As even very small 
quantities of impurities affect its properties (more especially 
its electrical conductivity) the metal has next to be refined. 

For tins purpose the blocks or ingots of crude copper are 
piled on the hearth of a reverberatory furnace and gently 
heated in an oxidising f.tmo«pliere for some hours; sul¬ 
phur and arsenic are then expelled as oxides, the changes 
being assisted by th# porous character of the ingots; the 
foreign metals present and some of the copper are also 
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oxidised. The metal is next melted, skimmed until free 
from slag, and then covered with anthracite (coal), or wood 
charcoal, in order to bring about the reduction of dissolved 
oxides of copper; this reduction is also accomplished by 
stirring the metal with wooden poles (‘palmy ’). Samples of 
tiie purified metal are examined from time to time; and 
when, judging by its physical properties, it is at the right 
* pitch / it is taken.out in iron ladles lined with clay and 
cast into ingots. 

Copper is also refined by an electrolytic process. The 
crude metal is cast into slabs, which are suspended in a 
solution of copper sulphate acidified with sulphuric acid; 
in close proximity to these slabs, thin sheets of pure copper 
ure also suspended. An electric current is then passed 
throAgl^ the solution from the copper slabs, which are 
connected with the anode, to the thin sheets, which are 
connected with the cathode. The copper passes into 
solution and the pure metal is deposited on the sheets; 
the impurities also dissolve, but they either remain in solu¬ 
tion or separate as a deposit, which collects at the bottom 
of the vessel. The process is carried out in a wooden vat 
which is lined with sheet-lead. Copper which lifts been 
refined eleetrolytically is almost free from impurities, and 
many contain as much as 99 99 per cent, of the pure element. 

Copper has a characteristic salmon-red lustre, which, 
however, varies- a little with the physical condition of the 
metal. It is very tough, ductile, and malleable. Its sp. gr. 
is about 8*95, and it melts at about 1060°. On long ex¬ 
posure to the air it becomes coated witli a layer of basic^ 
carbonate, and when heated in the air it undergoes rapid 
oxidation, giviifg first cuprous and then cupric oxide; it 
does not decompose water even at a red heat. As copper 
is a very good conductor of electricity it is very extensively 
employed for that- purpose; it ^s also used in the manu¬ 
facture of various utensils, for covering roofs and the hulls 
of ships, for the preparation of a ^jreat many important 
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alloys, and also, for making copper salts, especially the 
sulphate. 

Copper does not give good oustings, as it is liable to become 
porous when used for such purposes; many of its alloys, 
however, especially the various qualities of brums, not only) 
east well but are more easily worked than copper itself. «• 

*The more important copper alloys are brass (copper and 
zinc) and bronze (copper and tin), of each of which there 
are several varieties. 

Brew contains variable proportions of copper (70 64 per cent.) 
and zinc (.10-36 per cent.), arid is prepared by adding zinc to molten 
copper. Alloys containing about to per cent, of zinc are called 
tombac; those with about 20 per cent, of zinc have a golden 
colour, and are used for ornamental purposes and in making imita¬ 
tion gold-leaf; those with about 40-50 per cent, of zinc are kfl’own 
ns Muntz metal. 

Bronze contains variable proportions of copper and tin, and often 
relatively small quantities of other elements as well. Gun-metal 
consists of about IK) per cent, of copper and 10 per cent of tin ; belt- 
metal , of about 7S pei cent., of copper and 22 per cent, of tin. 
bronze used for ornamental purposes generally contains a small 
proportion of lead and zinc. The important alloy j)hin;/>h»r bro7tze 
contains about 90 per cent, of copper, 9‘5 per cent, of tin, and 
0-5 per cent, of phosphorus. The British bronze coins consist 
of copper, 95; tin, 4 ; and zinc, 1, per cent. 

Copper is rapidly attacked by ordinary nitric acid, giving 
copper nitrate, water, and nitric oxide (compare p. 245), or 
■some other oxide of nitrogen (p. 530). Hydrochloric acid 
and dilute sulphuric acid do not act on the metal to any 
appreciable extent; but in presence of (atmospheric) oxygen 
cihey both do so, especially when they are hot, arid a copper 
salt passes into solution, % 

2Cu + 4TIC1 + (), - 20uCl, + 2H.,<) 

2Cu + 2H. 2 S() 4 + 0, - 2CuK( ) 4 + 2H 2 0. 

. Even acetic acid and other ‘ weak ’ acids have an action 
on the metal in presence of oxygen, and a basic acetate of 
copper <is prepared by leaving copper in contact with vinegar 

.1 
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(p. 279) and air; this product is also known as verdigris , and 
is used in making green paints. 

The action of hot concentrated sulphuric ay id on copper 
has been described (p. 230). 

Copper forms two basic oxides, namely, cuprous oxide, 
©u 2 0, and cupric oxide , CuO. The salts derived from cupric 
oxide may be directly prepared from this compound; but 
cuprous oxide when treated with acids gives a cupric salt 
together with copper, so that, the cuprous salts have to he 
prepared hy other methods. In its cuprous compounds, 
copper is probably univalent - that is to say, the structure 
of the oxide is probably Cu — O — Cu ; but in its cupric 
comi>ounds it is bivalent, and the cupric salts are therefore 
of tjie same typo as those of the bivalent metals of the 
magnesium family. 

For the preparation of the oxides and salts of copper in 
the laboratory commercial copper sulphate may he employed, 
or the metal may he converted into its nitrate, and this 
salt used instead. 

Currm: Oxide and the Curuio Salts. 

Cupric oxide, CuO, may be obtained by igniting copper 
nitrate (p. 43), copper carbonate, or copper hydroxide ; * it is 
a black powder, and is readily reduced to the metal when it 
is heated in a stream of coal-gas (p. 44), hydrogen (p. 109), 
or carbon monoxide* (p. 121), or with carbon compounds 
(p. 123). It is used in the analysis of carbon compounds 
and for the preparation ol‘ copper salts. 

Cupric hydroxide, Cu(01I) 2 , is formed as a blue pre j 
cipitate when a solution of sodium hydroxide is added to a 
solution of copper sulphate or other cupric salt. Ammonium 
hydroxide likewise gives this precipitate; lmt as cupric 
hydroxide and ammonium hydroxide react and form a 
soluble compound, the precipitate disappears again on excess of 

* The word ‘ copper ’ is often used instead ' cupric’ in the case of the 
cupric Salta. * 
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ammonium hydroxide l>eing added, and a beautiful deep-blue 
solution is obtained. When the blue, precipitated hydroxide 
is heated in presence of water it is partially changed into 
oxide and.turns black; it is completely converted into the 
oxide when it is ignited. t 

Cupric chloride, OuCl.,, may be obtained by heating copper 
in excess of chlorine, or by heating the metal with hydro¬ 
chloric acid and a little nitric acid, but more conveniently 
by treating the oxide or hydroxide with hydrochloric acid 
and then evaporating the (iilteTed) solution. It forms blue 
hydrated crystals, Cu01 2 , 211^0, hut the anhydrous salt is 
dark yellowish-brown. 

Cupric bromide, CuBr s , is known, but cupric iodide does not 
exist (p. 658). f 

Cupric nitrate (copper nitrate) has been described (p. 43). 
Cupric carbonate is not known in a pure state; the pre¬ 
cipitate obtained on sodium carbonate being added to a copper 
salt in aqueous solution (p. 45) is a basic carbonate , CuC0 3 , 
Cu(OH) } * 

Cupric sulphate, CuS0 4 , is colourless (p. 36); but the 
hydrated salt, CuS() 4 , 51I 2 0 (p. 225), is of a deep-blue 
colour. This salt is prepared commercially for agricultural 
purposes (p. 225) ; it is also used in dyeing, in electrolytic 
work (copper-plating), and in batteries. 

Cupric sulphide, CaS, is obtained as a black precipitate 
when hydrogen sulphide is passed into a solution of a cupric 
salt, but it is not very stable, and decomposes partially, giving 
cuprous sulphide and sulphur; this change takes place com¬ 
pletely when cupric sulphide is heated out of contact with 
the air (to prevent oxidation). Cupric sulphide is not 
readily attacked by hydrochloric acid, but with nitric acid 
it gives cupric nitrate. 

Fehlinf/'s solution is the name given to a deep-blue solu¬ 
tion prepared by dissolving 4Yljic vitriol (34*6 g.) and sodium 
* 

Compare p. 511. 
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potassium tartrate* (173 g.) in water, then adding sodium 
hydroxide (60 g.), and diluting the mixture to 1000 e.c. 
This solution contains a (soluble) compound produced by 
the interaction of the tartrate and cupric hydroxide; this 
copper compound is readily reduced to cuprous oxide by 
^various sugars and other carbon compounds, and Fehling’s 
solution is used as a qualitative and quantitative reagent in 
tile examination of such substances. 

Cuprous Oxide and thk Cuprous Salts. 

Cuprous oxide, Cu./), is obtained as a brick-red precipitate 
when Fell ling’s solution is added to a boiling solution of grape- 
sugar (glucose). It is acted on by acids, but as a rule it 
gives a cupric salt and copper, 

• Cu 2 C) + II 2 S0 4 — CuS0 4 + Cu + H a O. 

It gives with ammonium hydroxide a colourless solution 
which rapidly absorbs oxygen. 

Cuprous hydroxide is not known in a pure state. 

Cuprous chloride, CuCl, is conveniently prepared by 
heating copper turnings with a solution of cupric chloride 
in hydrochloric acid, 

CuCl 2 + Cu = 2CuCl; 

on the (filtered) solution being poured into a large volume 
of water the cuprous chloride is precipitated in colourless 
crystals. 

Another method is to pass sulphur dioxide into a solution of 
equivalent quantities of copper sulphate and sodium chloride ; the 
sulphurous acid reduces the cupric chloride which is formed by the 
reversible reaction, „ 

CuS0 4 + 2NaCl -<->- CuCI 2 + NagSO^ 

and converts it into insoluble cuprous chloride, 

2CuCl a + H 2 S() 3 + 1I 2 0=2Cu0l + 2HC1 + H 3 S0 4 . 

As the concentration of the cupric chloride is thus continuously 
reduced, the above reversible reaction proceeds continuously from 
left to right. ^ 

* The hydrated salt, NaKC 4 H 4 O u , 4H 2 0, jpmmoniy known as Rochelle 
salt. 

luorp. 2 P 
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Cuprous chloride is insoluble in water, but it is hydrolysed 
by boiling water, giving cuprous oxide and hydrochloric 
acid. With hydrochloric acid it forms soluble compounds 
(HCuClj and H._,CuC1 3 ). The solution obtained by treating 
cuprous chloride with concentrated hydrochloric acid or with * 
ammonium hydroxide absorbs and combines with carbon * 
monoxide, and is used for extracting this compound from 
gaseous mixtures in the process of 'gas analysis. 

Cuprous iodide, CuI, is precipitated when an iodide and 
a cupric salt are mixed together m aqueous solution ; the 
cupric iodide, which is probably first produced by double 
decomposition, TuSi >, + 2K1 — K () KO t +CuJ 2 , is unstable, and 
gives cuprous iodide and iodine, 

20ul., 2CuI + 
the final results being, 

20uS<>, 4 - f KI 2K ,S<)., 4 2CuT + 1.,. 

The iodide is almost colourless and insoluble in water 

The above reactions may be used for the estimation of 
copper, and also for separating iodides from bromides and 
chlorides (p. 428), since cupric bromide and cupric chloride 
do not give cuprous salt and halogen under such conditions. 

Cuprous sulphide, CJu 2 S,has already been mentioned (p.65G). 

The cuprous salts and most of the anhydrous cupric salts 
are either colourless or yellow or brown, hut tho hydrated 
cupric salts and their aqueous solutions are generally blue 
or green. The cuprous salts are readily oxidised to the 
cupric compounds 

*• Volatile copper compounds impart a green colour to a non- 
luminous flame. 


Silver, Ag; At. Wt. 107*9. 

This metal is found in nature in the free state, generally 
associated with a small proportion of gold, and also in the 
form of various compounds, of which ary entile or direr 
ylanre, Ag„S. and chloraryyrite or horn-diner, AgCI, may be ' 
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mentioned; the occurrence of a small projiortion of silver 
sulphide in galena Inis already been noted. 

A considerable quantity of silver is obtained from argen¬ 
tiferous lead in the manner previously described (p. 594), also 
by smelting silver ores with lead ores, and then extracting 

*the silver by Patti neon's or Parke's method. 

* 

In localities where fuel is expensive the Mexican amalgamation 
process is used The ore is stamped or ground to a paste with 
■water, and is then agitated with common salt; after some days 
copper sulphate is added, the mixture is again agitated, and lastly 
it is thoroughly incorporated with mercury for a period of some 
weeks or even months. As the result of a number of chemical 
changes the silver is liberated from its compounds and is dissolved 
by the mercury ; the liquid amalgam is liually freed from earthy 
mailer l>y washing il. with watei, and the mercury is then separated 
from tfie silver by distillation. Some of the chemical changes are 
probably repiesented by the following equations : 

2Na( 11 + CnS0 4 - OuCh + Na 2 S( >„ 

Ag t S f (hi(Tj = 2AgPl +(JnS 
2 Ag< ’1 f-llg = HgCL + 2Ag. 

The sodium chloride solution dissolves the silver chloride, and thus 
facilitates the action of the mercury. 

Silver obtained by heating some of its compounds—as, for 
example, the oxide—is white and dull, and it may be obtained 
by precipitation as a black powder. Its ordinary appearance 
is familiar to all. It has a sp. gr. of about 10*5, and melts 
at about 960' J . The principal uses of silver are for the 
manufacture of utensils, ornaments, and coins, and for coating 
other metals and glass. As the pure metal is not very hard, 
silver coins and other articles are composed of silver-coppA 
alloys. Thus the llritish coinage contains 7*5 per cent, of 
copper, ami is said to be of a fineness of 925 (because it 
contains 925 parts of silver per 1000 of the alloy). The 
proportion of copper in the alloys used for other purposes 
may ho much greater. * 

Silver does not change on exposure to the atmosphere 
except in or near places where coal is burnt ; in such localities 
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it is acted on by the traces of hydrogen sulphide present in 
the atmosphere, and its surface is darkened owing to the 
formation of a film of silver sulphide. 

A 

The so-called ‘oxidised silver’ is prepared for ornamental 
purposes by dipping the silver object in a solution of potassium 
sulphide; the surface is thou rubbed or brushed in order to shade it. ‘ 

Although molten silver does not combine with oxygen, it 
has the very interesting property of absorbing or dissolving 
this gas; when the metal is kept melted in the air, it 
gradually absorbs about 24 times its own volume of oxygen, 
and if then allowed to cool it gives up the gas again almost 
completely. During the cooling, and after a semi-solid layer 
has been produced at the surface of the metal, the escape 
of the oxygen causes the formation of little ‘volcanoes’ Man 
which the still molten metal is ejected in thin streams. This 
phenomenon is known as the ‘spitting’ of silver. 

Silver is readily attacked by warm diluted nitric acid 
(p. 238), and also by boiling concentrated sulphuric acid, 

2Ag + 2H 2 S0 4 = Ag 2 S0 4 + SO, + 2H s O, 

but it is not acted on by hydrochloric acid. When heated 
in chlorine it is transformed into silver chloride, and when 
heated with sulphur or hydrogen sulphide it is converted into 
silver sulphide (p. 219). 

Silver forms the basic oxide, Ag g O, and the silver salts 
correspond with this oxide, in which the metal is univalent. 
The starting-point for the preparation of most silver com¬ 
pounds is the silver nitrate of commerce, which is itself 
prepared from the metal (p. 238). 

Silver oxide, Ag/), is obtained as a pale-brown precipitate, 
probably mixed with silver hydroxide, AgOH, when a solution 
of sodium hydroxide is added to a solution of a silver salt. 
Before the precipitate has been dried it is appreciably soluble 
in cold water, giving a solution which is distinctly alkaline 
to litmus, and which* therefore, probably contains the 
ky<1roxi<te; but in any case this hydroxide readily passes 
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into the oxide, and the dried precipitate has the composition 
represented by Ag 2 0. Silver oxide, like the oxides of 
mercury, gold, and platinum, is readily decomposed into 
metal and oxygen, and when heated at about 270° It gives 
a residue of (white) silver. 

Silver oxide gives with ammonium hydroxide a soluble 
compound, of undetermined composition, which is obtained 
as a black solid when the solution is allowed to evaporate; 
this solid is dangerously explosive, even when it is moist, 
and is known as fuhninaliiKj silver. The solution of this 
compound is generally known as ‘an aimnoniaeal solution 
of silver oxide.’ 

Silver oxide is easily reduced by various carbon compounds 
susli as grape-sugar (glucose), tart Tries, glycerol, and formal- 
dehyefe, and from the solution of silver oxide in ammonium 
hydroxide (see above) tbe metal may be deposited on glass 
surfaces in a coherent, highly lustrous form. In silvering 
glass for mirrors, <fce., a solution of silver nitrate is treated 
with sufficient ammonium hydroxide to redissolve the pre¬ 
cipitated oxide of silver, one of the above reducing agents 
is added, and the mixture is then poured over the carefully 
cleaned glass surface which is to he silvered. 

Silver peroxide, Ag 2 () 2 , is formed by the action of ozone 
on silver (p. 462); it is not a salt-forming oxide, and its 
structure may be represented by the formula Ag - O — 0 - Ag. 

Silver nitrate, AgN(_> ;1 (pp. 238, 242), silver chloride, 
AgCl (p. 148), silver sulphate, Ag 2 SU 4 (p. 224), silver 
sulphide, Ag.,ft (p. 219), and many other silver salts, have 
been described ; but the haloid compounds are of groat im¬ 
portance, ami merit further mention. 

Although silver fluoride , AgF, is soluble in water, the 
ehloridt ,, AgCl, bromide, AgTir, and iodide, AgT, are insoluble, 
and may there!ore he prepared bv precipitation. The chloride 
is thus obtained as a colourless, the bromide as a very pale- 
yellow, and the iodide as a pale-yellow, curdy substance; the 
chloride and bromide darken on exposure to light ^p. 662). 
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The insolubility of the chloride, bromide, and iodide in 
water and in nitric acid renders these substances suitable not 
only for the defection, but also for the eel i motion of the 
halogen acids and their salts, as fully described in the case 
of silver chloride (p. 149). 

Although insoluble in water, these three compounds are ' 
readily transformed into various soluble derivatives; when 
they are treated with sodium thiosulphate (p. 498) or potas¬ 
sium cyanide (p. 679), for example, in aqueous solution, they 
pass into soluble compounds represented by the formulae 
NaAgS 2 () s and KAg((JN) a respectively. 

With ammonium hydroxide silver chloride reacts to form 
a readily soluble compound ; so also (hut not so readily) does 
the bromide; the iodide is practically insoluble in ammonium 
hydroxide. # 

The silver halides, which darken on exposure to light, hut 
more especially the bromide, are used in phof'M/rajdif /, the 
darkening is probably due. to the formation of a sulehalogon 
salt, such as Ag.>Br. 

Silver may be obtained again from the insoluble chloride, 
bromide, or iodide by leaving these compounds in contact 
with zinc and dilute sulphuric acid ; the halide is reduced 
by the ‘nascent’ hydrogen (p. 341), and the halogen acid thus 
formed, 

Zu 4- H„S0 4 + 2 AgOl - ZmS( > 4 + 211(3 + 2Ag, 

* 

does not act on the liberated metal.* This process is used 
in removing these silver salts from crucibles in which they 
Have been melted in the course of quantitative analysis; also 
for the preparation of pure silver. 

Silver may also he obtained from these halogen compounds 
by boiling them with sodium hydroxide solution and cane- 
sugar ; the halide is reduced, and silver is obtained as a dark 
powder. ( 

I * The vfsry finely divided stiver thus obtained is much more active than 
file compact metal, an<] is known as ‘ molecular nilver.' 
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Gold, An; At. Wt. 197*2. 

This relatively rare ami beautiful metal is found almost 
exclusively in the free state, lmt never in a pure condition ; 
it often contains a. considerable proportion of silver. It 
occurs in grains, crystals, or large masses, m veins of quartz, 
or in the sand jiroduced by the disintegration of the rock 
components. 

It i* also found in very small quantities in iron pyiiles, arsenical 
pyrites, and many other mincials which contain sulphides, also in 
combination with tellurium (p. f>00). 

The primitive method of extracting gold was t.o agitate the 
crushed rock, or the sand, witli water, in such a manner that 
the lighter earthy materials were washed away, leaving the 
heavier particles of gold. Later on, the rich sediment ob¬ 
tained in this way was shaken with mercury, which dissolved 
the gold, forming a liquid amalgam ; the. latter, which could 
be easily separated from the sludge, was then heated in order 
to volatilise the morcurv. 

m/ 

At the present day the gold-bearing rocks are stamped by 
machinery, and the material is then carried in the form of a 
paste or sludge by a stream of water over copper plates 
which are coated with mercury ; a certain proportion of the 
gold is thus extracted, and the mercury amalgam scraped 
from tlie plates is then heated in iron retorts in order to 
disiil and recover the mercury and separate tin* gold. The 
material (‘tailings’) which has thus been extracted, and also 
very poor ores, are treated by the cyanhie process. Gobles 
acted on by an aqueous solution of potassium cyanide 
([». 679) in presence ol atmospheric oxygen, giving soluble 
potassi urn anroryamde, 

4 Au + rtKCN + 211,< > + O,- 4R Au(ON), + 4K01I; 

the ores are therefore, extracted with a dilute (say 0*5 per cent.) 
solution of potassium cyanide in hgge wooden vats, and the* 
gold is then obtained from the solution either by depositing 
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it electrolytically on leaden electrodes, or by precipitating it 
with zinc. 

Another method of extracting gold, particularly fiom ores con¬ 
taining meta'llic sulphides, is to roast the crushed ore in order to 
expel sulphur (as sulphui dioxide), and then to treat the product 
with bleaching-powder and dilute sulphuric acid (or with chlorine* 
and water). The gold is converted into soluble auric chloride, and 
the solution of this compound is then treated with ferrous sulphate, 
which precipitates the gold as a reddish-brown powder, 

AuCl„ 4- 3FeS( ) 4 =An 4 FeCl ; , 4- Fe a (S( ) 4 ) ;J . 

The crude gold obtained by any of these methods may be 
purified by passing chlorine through the melted metal ; many 
of those metals which are present in small quantity are thus 
converted into volatile chlorides, while the chloride of silror 
which is produced forms a non-volatile layer at the surface of 
the melted mass. Gold, at its melting-point, does not combine 
witli chlorine. 

Gold is very malleable and can be beaten out into extremely 
thin sheets (gold-leaf), which are often so thin (less than 
0*0002mm.) as to be transparent to green light. It melts at 
about 1060°. and has a sp. gr. of 19*3. As pure gold is 
relatively soft, the metal used for making coins and for nearly 
all other purposes is alloyed with copper. The British gold 
coins contain 2 parts by weight of copper in 24 parts of 
tlie alloy, and consist of what is called * 22-carat ’ gold (the 
pure metal is 24-carat). The alloys used in making gold- 
ware may be either 22, 18, 15, 12, or 9-carat gold. 

Gold is not attacked by hydrochloric, nitric, or sulphuric 
afiid, but when treated with aqua regia (p. 236) it is con¬ 
verted into soluble auric chloride; it is also readily acted 
on by moist chlorine at ordinary temperatures, and by an 
aqueous solution of potassium cyanide in presence of oxygen 
(p. 6G3). 

Gold forms two series o{ compounds: the aurous com¬ 
pounds, in which the ^nctal is univalent, and the auric 
compounds, in which it is tervnlent. The funner correspond 
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with the cuprous compounds and with the derivatives of 
silver, hut the auric salts are more commonly met with. 

Auric chloride, AuCl s , is produced when gold is treated 
with aqua regia; on the yellow solution being evaporated, 
yellow hydrated crystals of chforannr acid, AuCI 3 , JIC1, or 
IlAuGl 4 , remain ; and when this substance is very cautiously 
heated it decomposes, giving auric chloride, AuCI ;{ , a red 
crystalline salt. On potassium chloride being added to 
auric chloride in concentrated aqueous solution, potassium 
aurichloride, KAuC 1 4 , 2H.,0, is obtained in yellow crystals. 

Hydrated yellow crystals of ammonium aurichloride, 
(NII 4 )AuC 1 4 , may be obtained from ammonium chloride in a 
similar manner. Sodium aurichloride, NaAuCI,, 2 1 l 2 <), is 
used*in ^photography. 

Auric hydroxide, Au(OTl) ;t , is precipitated as a yellowish brown 
solid when a solution of auric chloride is treated with a basic 
hydroxide, but it is an acid, and is converted l>y excess of the basic 
hydroxide into a metallic metavrale ; with sodium hydroxide, for 
example, soluble sodium metaurate, NaAuCL, is formed, the normal 
acid, Au(OH)<„ giving HO'AuO and H./). When ammonium hy¬ 
droxide is added to a solution of auric chloride, a greenish-brown, 
highly explosive substance (Julvnuafivtj tjohl) is precipitated. 

Aurous chloride, AuGl, is obtained when auric chloride is lien ted 
at about 180°. It is a coloniless solid, insoluble in water, and w hen 
heated strongly it is decomposed into its elements. Aurous oxide, 
AtigO, is obtained as a brownish-violet powder by treating aurous 
chloride with sodium hydroxide solution. 


As already noted, the relationship between copper, silver, » 
and gold is not a very close one. In physical properties 
they resemble, one another in being very good conductors 
of beat and of electricity, in which respects they surpass all 
other metals. In chemical properties the resemblance is 
limited to those compounds in ^vhicli the elements are 
univalent. They all form basic oxides of the type X 2 () and 
chlorides of the type XC1. These chliUddes are all colourless 
and insoluble in water, hut with ammouium hydroxide, 
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sodium thiosulphate, and several other compounds, they yield 
corresponding derivatives which are readily soluble. 

Copper dill'ers from the other two elements in giving rise to 
stable, well-deiined compounds in which it is bivalent. These 
compounds show in many respects a fairly close relationship* 
with corresponding derivatives of the bivalent elements o*t 
the magnesium and calcium sub-families, and also with corre¬ 
sponding derivative*, of iron, cobalt, nickel, and manganese. 
This fact affords a further instauec of the general ride that 


the properties of a eompound depend on the type of that 
compound rather than on the elements of which it is 
composed. 

Cold dilleis from the other two elements of the sub-family 


in forming compounds in which it is tervalent. and in which 
it show’s some relationship to aluminium and *>ther members 


of Family I If. 


CHAPTER LX. 

The Alkali Metals. 

The meaning of the term ‘alkali’ lias already been ex¬ 
plained (p. 75), and it. has also been stated that the caustic 
alkali, sodium hydroxide, NaOlI, was obtained long ago by 
treating an aqueous solution of the mild alkali, sodium 
carbonate, w’ith milk of lime. In 1H07 it was found by 
Davy that sodium hydroxide could he decomposed with the 
•aid of a current of electricity (see p. fi(jS), and that it was a 
compound of an element to which the name sot/i/nn was 
given. Tn a similar manner potassium hydroxide, KOII, 
was found to bo a compound of an clement to which the 
name potassium was given.* These elements, obtained from 

* The symbol of sodium, N^, is derived from Natrium., the German 
wane for sodium, which is derived from natron, a word of Arabian origin. 
The symbol of potaasinmf K, is derived from Kalium (German), which is 
.iso of Arabian origjn ( aZkali j, the asli). 
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alkalis, and subsequently found to have the properties of 
metals, were classed as the alkali, imialn. In later times 
three other metals (lithium, rubidium, and emsium) having 
properties similar to those of sodium and potassium were 
discovered, and tin* natural family of the alkali metals now 
consists of these live elements. 

Lithium, Li, at. wt. '7 0, occurs in a combined state in many 
plants (notably in the tobacco-plant), but only in very minute 
quantities Traces of its compounds aie also found in some natural 
waters and in many rocks. It is a silvery solid, and is the lightest 
metal known, its sp.gr. being only 0'53. Its general behaviour is 
very similar to that of sodium, from which it dillbrs principally in 
giving .a hydroxide, LiOlf, a carbonate, LLCO.., and a phosphate, 
> 4 , Tf.,< >, which aio far less soluble in water than the corre¬ 
sponding sodium compounds. The carhonate and the phosphate 
may Ik* obtained irom a solution of the chloride, LiCl, by precipita¬ 
tion ; the former is used in medicine in cases of gout and rheumatism, 
localise lilhittm mate is moie stdnble in water than most othei 
salts of uric acid, and it is (or was) supposed Lhat the adrniuisliation 
of lithium carbonate would assist the elimination from the system 
of the deposits of uric acid which aie tunned in such cases. 


Sodium, Na ; j\t. Wt. 2.T0. 

Sodium is by fai tlie most abundant of the alkali metals. 
It occurs only in the combi tied state in tlie form of sodium 
salts. Sodium silicate is a component of many igneous rocks, 
and occurs in some minerals (as, for example, in albite, p. 291) 
in considerable quantities. In the course of ages the 
sodium silicate, liberated by the disintegration of such rocks, 
passes into solution, and is changed into other soluble sodium 
salts, such as the chloride, carbonate, nitrate, and sulphate, 
by interaction with other earthy materials. In consequence 
of their solubility, sodium salts are present in larger or 
smaller quantities in all fresh paters; they are carried 
into lakes and seas, where they slowly accumulate (p. 112), 
and by the gradual evaporation of sucll lakes ot inland seas 
vast beds of sodium salts have been deposit^! in many parts 
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of the world. The occurrence of sodium chloride in such 
deposits (as rock-salt) and in sea-water has already been 
noted, and the way in which sodium nitrate is produced 
has also been indicated (p. 241). The sulphate (p. 22^) 
and the carbonate (p. 273) occur principally in the dissolved 
state. 

Sodium compounds are also contained in plants (particularly 
in those growing in or near the sea) and in animals. 

Sodium is now prepared on the large scale by the elec¬ 
trolysis of molted sodium hydroxide. The primary products 
are 2Na and 2011, but a secondary change immediately 
occurs at the anode, resulting in the liberation of oxygen 

and the formation 
of water. Ovfing to 
+ the presence of this 
water, and to water 
originally contained 
in the hydroxide, 
the fused mass also 
gives, to some extent, 
the products of elec¬ 
trolysis of a solution 
of sodium hydroxide 
. —namely, hydrogen 

and oxygen (p. 303). 

Fig. 115. The final results, 

therefore, are the 

liberation of sodium and hydrogen at the negative pole and 
of oxygen at the positive pole. 

The apparatus used in this process is shown in fig. 115. 
The sodium hydroxide contained in the cylindrical iron vessel 
(a) is first melted with the aid of the circular gas-burner 
(b, b). The iron or njehel cylinder ( h ), insulated from 
tli% vessel (a) by means of asbestos, forms the anode, ami 
the cylinder (c), al«j insulated, forms the cathode. The 
sodium and th<^ hydrogen liberated at the surface of (c) rise 
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through the fused hydroxide, and, guided by the cylinder of 
iron gauze (U), the sodium collects in the chamber (e), 
while the hydrogen escapes under the loosely fitting cover 
(/). The sodium is ladled out from time to time with 
linely perforated iron spoons. The oxygen liberated at the 
anode escapes through the aperture (//). 

Sodium is a very soft metal, and is easily cut with a knife 
or pressed through a die ; it has a bright metallic lustre, very 
like that of silver; hut in'other respects it does not show 
those physical properties which are commonly associated 
with the term metal. Its sp. gr. is only 0‘97, and it melts 
at 98°. It rapidly tarnishes on exposure to the air, because 
it is so readily acted on by aqueous vapour; for this reason 
it mu|t be kept in well-closed vessels, or, if in small pieces, 
immersed* in petroleum. It takes lire and forms oxides when 
it is heated in the air, and it decomposes water with great 
vigour, liberating hydrogen and giving sodium hydroxide, 

2Na + 211 2 (> - Ho + 2Na01I. 

A violent and dangerous explosion (the cause of which is not 
known) often occurs when sodium and water are brought 
together, and the best way of studying this interaction is to 
wrap a small piece of the metal securely in a piece of fine 
iron gauze, which is then placed, with the aid of a pair of 
tongs, under a gas-jar filled with water standing in the pneu¬ 
matic trough. A glass screen may be used as an additional 
precaution. 

Sodium is a very active element; it combines directly with 
most of the non-metals either at ordinary temperatures or on 
the application of heat, and also acts on nearly all compounds. 
Thus it liberates nearly all elements from their oxides, and 
it displaces hydrogen from water, ammonia, hydrogen sulphide, 
and many other hydrogen compounds, but not as a rule from 
hydrocarbons (p‘ 125). All experiments with this metal 
should he very cautiously conducted. 

The principal laboratory uses of sodium are for th£ pre- 
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paration of sodium amalgam, and for testing for certain 
elements in organic compounds. 

Sod him Amalgam .—When a piece of sodium (say about 
0'5 gram) is thrown on to some mercury (say 500 g.) con¬ 
tained in a mortar, and is then pressed with a pestle undef 
the mercury, the two elements combine, with development of 
heat, and sometimes with a Hash of light.* 

On the addition of sodium being continued until the 
product contains about - per cent, of the latter, and the mass 
being then allowed to cool, a hal’d, silvery solid, sodium 
amalgam , is obtained. 

This amalgam is readily acted on by water with forma¬ 
tion of hydrogen, sodium hydroxide, and mercury, but 
the reaction is ipiite a gentle one and free from dagger", 
hence sodium amalgam is often employed in conjunction 
with water, or some dilute acid, as a reducing agent, its 
action being due to the generation of nascent hydrogen 
(p. 341). Tlius veiy dilute nitric acid is reduced by 
sodium amalgam, and is ultimately conceited into ammonia 
(}>. 530). 

When coarsely crushed sodium amalgam is added (in consider¬ 
able proportion) to a concentrated aqueous solution of ammonium 
chloride, a bulky, silvery pioduet of a buttery consistency is rapidly 
formed. This pioduet is known as ammonium amalgam, and 
possibly contains an alloy, or a compound, of mercury with the 
radicle ammonium, (Nil.,), which is unknown in the free state 
(p. 2(iU). The sodium in the sodium amalgam may liberate this 
ammonium radicle, (Na » NH A (H -- NaCl -t- NH 4 ), and the latter 
may then dissolve in or combine with the mercury. Whatever its 
nature may he, the product is very unstable, even at low tem¬ 
peratures, and rapidly decomposes, giving ammonia, mereniy, and 
hydrogen. 

Oxides of sodium are. formed when the metal is gently 
heated in air which has been dried and freed from carbon 

* In order to protect the eyes'.rom possible injury by the spirting of the 
materials, tlie mortar should be covered with a piece of cardboard, in the 
centre* of which a hole is t£ade for the passage of the pestle. Can* should 
a^q beAaken not to inhale the vaporised mercury. 
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dioxide ; the first product is probably sodium monoxide., Na^O, 
but as this compound combines readily witli oxygen, giving 
sodium peroxide, Na./).,, it is not obtainable in a pure- state, 
'file monoxide, Na a <), is a colourless solid, and ifc the only 
salt-forming oxide of sodium , it unites vigorously faith water, 
giving sodium hydroxide.* 

Sodium peroxide, NuJb,, is manufactuicd by lieating 
shavings of sodium on alumimum trays in a stream of dry, 
purified air, at about. 100". It. is a pale-yellowish powder, 
which reacts vigorously witli water, giving hydrogen peroxide 
and sodium hydroxide, 


Kn^ + iMI.O- IbA+SNaHH; 


but the same time, unless great- care is taken to keep the 
solution* cool, some of the hydrogen peroxide is decomposed, 
and a vigorous, effervescence, due to the escape of oxygen, is 
observed. 

Sodium peroxide is used, both in the dry state and in 
presence of water, as an oxidising agent. Urns when 
manganese dioxide is lieated with it sodium manganatc is 
formed (p. 450), and with chromium sosquioxide. it gives 
sodium chromate (p. 508). 

When a little alcohol is poured on a small heap of the 
peroxide, placed on an iron tray, the alcohol is oxidised with 
development of so much heat that the mixture puffs and 
takes fire. As many other carbon compounds, and even char¬ 
coal, are similarly acted on, sodium peroxide must not be 
stored in wooden cases or in paper, and when it is used 'as 
an oxidising agent in the dry state the experiment should he 
performed very cautiously. 

The oxidising effect of sodium peroxide- in presence of 
water may he shown by adding the powder in small quantities 
at a time to chromium hydroxide which is suspended in 
water; the green solid is transformed into sodium chromate, 


1 * The monoxide may also bo obtained in an impure condition by Jiieatin^ 
sodium with sodium nitrate. 
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which passes into solution. On the large scale sodium peroxide 
is used as a bleaching agent.* 

The structure or constitution of sodium peroxide is probably 
similar to that of hydrogen peroxide (p. 475), and, therefore, 
is not yet established. » 

Sodium hydroxide, NaOH, commonly known as caustic 
soda (p. 78), is prepared on the large scale by treating ail 
aqueous solution of sodium carbonate with milk of lime, 

Na,C< > a 4- Ca(OH), = 2 .NaOH + CuC0 3 . 

The precipitated calcium carbonate is separated by filtration, 
and the solution is then evaporated in iron pans until the 
liquid solidilies when cooled. 

The above reaction is reversible, and for this reasoy the 
concentration of the sodium hydroxide solution must not 
exceed a certain limit, otherwise the decomposition is very 
incomplete. 

Sodium hydroxide is also prepared from sodium chloride 
by electrolytic processes. Many different methods are em¬ 
ployed, but in most of them one of the. principal difficulties 
to he overcome is the keeping apart of the products of 
electrolysis; unless this is done hypochlorites and chlorates 
are formed (pp. 432, 435), instead of sodium hydroxide and 
chlorine, when electrolysis is carried out in aqueous solu¬ 
tion. 

In one process fused sodium chloride, resting on a layer of 
molten lead, is submitted to electrolysis. The anode consists 
of a number of graphite rods which dip into the fused sodium 
chloride, and at the surface of which chlorine is liberated. 
The molten lead forms the cathode and dissolves the liberated 

* It is also sold in a compact form (obtained by melting it), under the 
name of ‘oxonc,’ for generating oxygon. The most convenient way of 
using sodium peroxide for the generation of oxygen is to mix it with about 
an equal weight of hydrated t&dium sulphate or sodium carbonate; on 
this inixture being gently heated, the peroxide reacts with the watm of 
hydration of the salt, unfoa steady stream of oxygeu of a high degree 
ot purity is obtained. 
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sodium. The molten alloy thus formed is blown by a steam- 
jet into a second vessel, in which the sodium hydroxide , pro¬ 
duced (together with hydrogen) by the action of the steam, 
separates in tho fused state from the molten lead; the latter 
is forced back into the electrolytic cell, so that the process is 
Continuous. 

In other processes an aqueous solution of sodium chloride 
is employed, and in some of these the cathode is a layer of 
mercury at the bottom of the cell. The mercury, which dis¬ 
solves the sodium, is in constant circulation, and is first 
passed into another vessel (or another compartment) which 
contains water. Here the sodium amalgam reacts with the 
water, forming sodium hydroxide and hydroyen, and the 
mercery is then returned to the electrolytic cell. The anode 
consists *of graphite rods, at the surface of which chlorine is 
liberated. 

In other processes the anode (consisting of plates of black 
oxide of iron) and the cathode (consisting of iron plates) dip 
into a solution of sodium chloride, but are separated by a 
diaphragm of porous cement. Chlorine is liberated at the 
anode, hydroyen at the cathode, and the solution of sodium 
hydroxide which is formed around the cathode (p. 303) is 
prevented by the diaphragm from diffusing into the anode 
compartment. 

The chlorine obtained under the above conditions is used 
for the manufacture of.bleaehing-powder and other substances, 
and is also sold, compressed to a liquid, in iron cylinders. 
The hydrogen is also compressed into cylinders and utilised 
for various purposes, such as for filling balloons and air-ships, 
for generating the oxy-hydrogen flame, (fee. Further, the 
hydrogen may he combined with the chlorine ; the hydrogen 
chloride thus obtained is free from impurity, except a little 
dissolved chlorine. 

Commercial sodium hydroxide, especially that prepared from 
sodium carbonate which has been manufactured by the Leblanc 
process (p. 274), is highly impure and contayis many sodium 

Iunrg- 2 Q 



674 


THE ALKALI METALS. 


salts. It may be purified by treating it with alcohol, in 
which sodium hydroxide is soluble whereas the sodium salts 
are insoluble; the clear solution is then decanted and evapo¬ 
rated. As -the hj'droxido attacks glass and porcelain vessels, 
especially when it is hot, giving soluble sodium silicate ant^ 
sodium aluminato (p. 613), these operations must be con¬ 
ducted in silver vessels. A better method of preparation is 
to dissolve pure sodium in pure methyl alcohol (p. 127) in 
a silver basin; the solution is then diluted with distilled 
water and evaporated out of contact with atmospheric carbon 
dioxide. 

Some of the properties of sodium hydroxide have already 
been described (p. 78). It acts readily on the halogens 
(p. 430) and on colourless phosphorus (p. 541); when hot it 
attacks sulphur, giving sodium sulphide and sulphur dioxide, 

3S + 4.NaOII = 2Na 2 S + S() 2 + 211,0, 

but the latter immediately reacts with the hydroxide to form 
sodium sulphite, which then unites with sulphur to form 
sodium thiosulphate (p. 496). These three reactions are 
summarised in the following equation, 

48 + 6NuOH - 2Na a S + JSV.S.A + 3H 2 °. 

Sodium hydroxide also acts on silicon; it attacks aluminium 
rapidly and zinc slowly, giving hydrogen and a sodium salt 
of the metallic hydroxide (which acts as an acid). 

From solutions of metallic salts, sodium hydroxide pre¬ 
cipitates those hydroxides which are insoluble, or only sparingly 
soluble, in water—as, for example, tlie hydroxides of man- 
L ganese, chromium, tin, lead, aluminium, zinc, cadmium, copper, 
magnesium. In those cases in which the hydroxide is unstable 
(mercury, silver) the oxide of the metal is precipitated. As 
many of these metallic hydroxides give soluble salts with 
sodium hydroxide, the addition of excess of sodium hydroxide 
in such cases causes the Hlisappearanco of the original pre¬ 
cipitate. 

♦Sexbum hydroxide is principally used on the large scale 
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for the manufacture of glass and soaps, and in preparing 
wood-pulp for the paper industry. 

The sodium salts are all derived from the oxide, Na 2 0, in 
which the metal sodium is univalent; they are all soluble in 
water. The more important ones have already befen described, 
.and only a few points remain to be considered. 

Sodium chloride (pp. 35, 147) as obtained commercially is 
often impure, and is sometimes slightly deliquescent owing to 
the presence of magnesium or calcium chloride. 

The pure compound is best prepared by passing hydrogen 
chloride into a cold (filtered) saturated solution of the com¬ 
mercial substance. Sodium chloride is far less soluble in con¬ 
centrated hydrochloric acid than in water (a property which 
is shown by other soluble chlorides, p. 397), and as the gas 
dissolves, crystals of sodium chloride are precipitated. These 
crystals aro washed by decantation with concentrated hydro¬ 
chloric acid, drained on an asbestos filter, and finally heated 
strongly. 

Sodium bromide and sodium iodide may be prepared from 
the bromate and iodate respectively, as previously mentioned 
(p. 433). 

Other important sodium salts arc the carbonate (pp. 273, 
275), sulphate (p. 226), acetate (p. 279), thiosulphate (p. 496), 
nitrate (pp. 241, 414), nitrite (p. 527), phosphate (p. 549), 
and tetraborate (p. 607). 

Sodium salts impart an intense yellow colouration to a non- 
luminous flame. 


Potassium, K; At. Wt. 39*1. 

The chemical relationship between sodium and potassium is 
a very close one, and extends to nearly all the compounds of 
the two elements; so much is this the case that a potassium 
compound may'be used instead oP the corresponding sodium 
compound, and vice versd , in almost §py reaction in which 
either takes part, 
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Potassium hydroxide, for example, may nearly always bo 
employed instead of sodium hydroxide ; although it is rather 
more active than the latter, the two compounds usually give 
similar results. For these reasons potassium and its deriva¬ 
tives need oftly a brief description. » 

Potassium occurs in nature in forms of combination corre-, 
sponding with those of sodium, but is far less abundant. 
The principal source of these compounds is the vast saline 
deposit which occurs in the neighbourhood of Stassfurtli, and 
which has been produced by the evaporation of sea-water 
during, it is supposed, a period of some 10,000 years. 

Tins deposit, which covers an area of about 100 square miles, con¬ 
sists of layers of various sails, or double salts, or mixtures which 
crystallised out one after the other as the solution evaporated. 
In addition to rock-salt, the principal components of the dcposff are 
earnallite (which forms a layer 00-150 feet in thickness), kainite, 
sylvine, and kieserite (compare p. 019). 

Potassium silicate occurs in small quantities in many 
igneous rocks (p. 290), associated with other silicates, as, for 
example, in orthoclase (p. 291); during the weathering oi 
such rocks the potassium silicate is dissolved and passes into 
the soil, whence it, or other potassium salts formed from it, is 
absorbed by plants. Potassium compounds are essential to 
vegetable growth, ami the ashes of land-plants were at one 
time the principal source of potassium carbonate. From 
vegetable matter taken as food, potassium salts pass into 
animal organisms, to which also they are essential. Potassium 
nitrate (p. 241) is an important naturally occurring salt.* 

* Potassium is manufactured in small quantities only ; it is 
obtained by the electrolysis of fused potassium chloride in 
much the same way as sodium is obtained from sodium 
chloride, and also by very strongly heating an intimate 
mixture of potassium carbonate and carbon, 

K 2 C0 3 2C = 2K + 3CO. 

* TI|p water in which fc.sheep-wool has been washed contains soluble 
potassium salts, and when these arc ignited they yield potassium carbonate. 
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I lie mixture^ prepared by heating crude potassium hydrogen 
tartrate (argol, p. 282), in heated in iron cylinders coated with clay, 
and the potassium, which volatilises, is condensed in shallow, air¬ 
cooled iron boxes. Sodium was formerly prepared from sodium 
carbonate in a similar manner. 

• Potassium is plastic, and is easily cut with a knife; it lias 
a silvery lustre, and its sp. gr. is 0*87 ; it melts at 62 5°. It 
rapidly tarnishes on exposure to the air, and for this reason 
it is stored under petroleum. When thrown on water it 
liberates hydrogen, and the gas immediately takes lire, burning 
with a flame which is coloured violet or lilac owing to the 
volatilisation of the metal; a solution of potassium hydroxide 
is produced, 

. 2K + 2H a O = 2KOH + H 2 * 

Two oxides of potassium may be formed by heating the 
metal in dried air which has been freed from carlxm dioxide, 
but neither has been obtained in a pure slate. At high 
temperatures the principal product is a colourless monoxide , 
K 2 0, corresponding with the salt-forming oxide, Ka 2 0; but 
at low temperatures the principal product is jiofassitn)/ 
peroxide , K0 2 , a yellow powder, which acts violently on 
water, potassium hydroxide, hydrogen peroxide (or water 
and oxygen), and oxygen being formed. 

Potassium hydroxide, KOH (caustic potash, p. 79), is 
prepared from potassium carbonate, or by the electrolysis of 
potassium chloride, under conditions similar to those already 
described in the -^ase of sodium hydroxide (p. 672). 

Potassium carbonate, K 2 C0 3 (p. 27G), may also bg 
obtained from the potassium chloride of the Stassfurtli 
deposit by a method similar to the Leblanc process for 
the manufacture of sodium carbonate from sodium chloride. 
It differs from sodium carbonate in being deliquescent. 

* Clean pieces of potassium, about tlie size of a pea, should be used in 
this experiment, and the metal should not be handled; as a rule, the 
experiment is free from danger, but is most safely conducted and viewed 
from behind n glass screen. 
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Potassium iodide, KI, and potassium bromide, KBr, 

resemble the chloride (p. 150), and may be prepared by the 
methods already given (p. 433); they both crystallise in 
cubes, are readily soluble in water, and are much used in» 
photography and in medicine. ■ 4 

Although nearly all potassium salts are soluble in water, 
a few of them are so sparingly soluble that they may be 
obtained by precipitation; of these, potassium hydrogen 
tartrate and potassium platinichloride are often used in 
qualitative analysis. 

Potassium hydrogen tartrate, KC 4 H 5 O fl (p. 282), is 
obtained us a crystalline precipitate when a not too dilute 
solution of a potassium salt is mixed with a cold, saturated 
solution of tartaric acid (or of sodium hydrogen tartrate, 
NaC 4 H 5 0 6 , a salt which is readily soluble in water), 

KOI + C,H,( > fl = KC,TI,O c + HC1 
KC1 + NaCjllgOg = KC 4 H s 0 6 + Nad 

Unless the solutions are very concentrated the precipitate 
may not form until the inside surface of the vessel containing 
the mixture is rubbed (below the level of the liquid) with 
a glass rod, because potassium hydrogen tartrate is prone to 
form supersaturated solutions (p. 312). 

Potassium platinichloride, K 2 PtCl rt , is obtained as a yellow 
crystalline precipitate when a solution of a potassium salt 
is added to a solution of ‘platinic chloride’ (p. 712), 

2KC1 + H„PtCl (; = K 2 PtCl fi + 2IIC1 

# K 2 S0 4 + ligPtClg = K,PtCl 6 + H 2 S0 4 . 

• 

As in the case of potassium hydrogen tartrate, precipitation 
may not occur until the solution is disturbed in the above- 
described manner. Compounds corresponding with these 
two potassium salts, namely! ammonium hydrogen tartrate, 
(NH 4 )C 4 Hr/) f) , and ammonium platinichloride, (NH 4 ) 2 PtCl <1 , 
are precipitated from "solutions of ammonium salts on the 
addition of tartatic acid or platinic chloride respectively. 
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This fact should bo borne in mind in testing for potassium 
compounds. 

The violet or lilac colouration imparted to a 7]unsen-flame 
when a volatile potassium compound is heated in it also 
serves for the detection of such compounds. 

Other important potassium salts which have been described 
are the nitrate (p. 241), nitrite (p. 527), chlorate (p. 434), 
permanganate (p. 450), and dichromate (p. 504). 

Potassium cyanide, KCN, is a very important salt which 
may be obtained by strongly heating potassium ferrocyanide* 

K 4 Fe(CN) 6 - 4KCN + FeC 2 + hT 2 . 

It is extremely poisonous, ami is readily soluble in water; 
it i§ used iu the laboratory and on the large scale for many 
different purposes (pp. 662, 663, 708). 

Sodium and potassium (and the other alkali metals) differ 
from other metals in several important respects; their normal 
carbonates, phosphates, and silicates are soluble in water; 
their nitrates give nitrites when they are strongly heated, 
and not metallic oxides ; their carbonates and their hydroxides 
are not decomposed even at very high temperatures. 

Rubidium, Rb, and caesium, Cs, are two very rare elements, 
compounds oi which occur in minute quantities in many 
mineral waters and in some plants. They were the first 
elements to be discovered with the aid of spectrum analysis 
(p. 687), and their names refer to the characteristic lines 
(red and blue respectively) of their spectra. 

In chemical properties these two elements are very similar 
to potassium; in fact, the relationship between these three 
metals is probably closer even than that between the members 
of the calcium family. For this reason rubidium and csesium 
need not he described; a general idea of their properties will 
be given by the facts mentioned tfoelow. 

* The cyanides are described elsewhere ( Ofganic Chemistry, Perkin and 
Kipping ; W. A R. Chambers). 
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Relationship of the Alkali Metals. 

The five elements which are classed as the alkali metals 
show a very close relationship in their general characteristics, 
and are all' univalent. Their corresponding compounds are* 
all very similar in properties, hut at the same time show the* 
usual gradation. Of the five elements which comprise this 
sub-family, lithium and sodium belong to short periods, and 
in consequence differ in some respects from the efthqr three 
metals. 

These statements summarise the conditions which obtain 
in this sub-family, and arc based on facts such as the 
following : The five elements, arranged in the order of their 
increasing atomic weights, show a graded change in physical 
properties, as illustrated by the data given later (p*. 7*24); 
the physical properties of corresponding compounds also show 
a graded change. The elements resemble one another 
chemically in reacting vigorously with water, in forming 
strongly basic hydroxides, and in the various other important 
respects, mentioned under sodium and potassium (p. 079), 
ill which they differ from other metals. 

Family J. of the periodic system includes the alkali metals 
and the copper sub-family, and it might perhaps be expected 
that the relation between these two sub-families would be 
of the same nature as between the two sub-families of 
Family IT. This, however, is not the case. The position 
of copper, silver, and gold (between the members of Family 
VIII. and those of the magnesium sub-family, see sheet facing 
the end of the index) precludes any close resemblance between 
them and the alkali metals, just as the position of manganese 
precludes the exhibition of analogy with the halogens. 

The only respect in which the two brandies of Family I. 
resemble one another is in the formation of compounds in 
which the elements are univalent; hut even between 
corresponding compounds of similar type there is practically 
no analogy except^tlint they are often isomorphous. 
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CHAPTER LXI. 

The Helium or Argon Family. 

* In comparatively recent times two great advances have 
been made in the science of chemistry. One of these 
is the discovery of argon and the other members of the 
argon fafnily, the other the discovery of radium and the 
phenomena of radio-activity (p. 729). 

The history of the discovery of argon is full of interest. 
Even so long ago as 1784 certain observations of Caven¬ 
dish seemed to show that the atmosphere might contain 
unrecognised gases; these observations, however, were not 
followed up by him; they completely failed to attract 
attention, and were in fact forgotten. About 1892 it was 
proved by Rayleigh that the density of gaseous nitrogen 
obtained from the atmosphere was very slightly greater than 
that of nitrogen prepared from ammonia, nitric oxide, or other 
nitrogen compounds. Thus a litre of most carefully purified 
atmospheric nitrogen weighed 1-2572 g. at N.T.P., whereas 
the same volume of purified gsis prepared from a nitrogen 
compound weighed only 1-2521 g. Small though this differ¬ 
ence was, it could not be attributed to experimental error or 
to the presence of any known substance as impurity. Conse¬ 
quently it was concluded that atmospheric nitrogen contained 
some gas having a density greater than that of nitrogen. 
This conclusion led to further investigations by Rayleigh 
and Ramsay, and thus to the discovery of the element argon. 

Many processes have already been described (pp. 88-92) 
by means of which oxygen may be abstracted from the atmo¬ 
sphere ; it has also been shown that nitrogen is absorbed by 
strongly heated magnesium (p. $17)- One of the methods 
hy which argon and the other inert gases were first ob¬ 
tained from the atmosphere consisted in removing the oxygen, 
by passing the air over heated copper, aijd then absorbing 
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the nitrogen, with strongly heated magnesium. Another 
method was to * spark ’ air with oxygen in presence of potas¬ 
sium hydroxide solution until (most or) the whole of the 
nitrogen had been converted into the tetroxide (p. 247) oij 
dioxide (p. 350)** and then to absorb the remaining oxygen^ 
(and nitrogen) by the processes just mentioned. 

In either case there remains a very small proportion (about 
1 per cent., p. 95) of the original volume of air, and this 
residue is not chemically changed by any known substance ; 
to this residual, colourless gas the name argon was given. 

Further investigation by liamsay showed that this residue 
contained about 1 per cent, of a mixture of four other gases; 
one of these proved to be identical with an element, helium, 
which, with the aid of spectrum analysis (p. 685), h^d 5een 
detected by Frankland and Lockyer (in 1868) in the sun’s 
atmosphere, and which therefore had been discovered by 
them some thirty years before its existence in the earth’s 
atmosphere was proved ; f the others were named neon (Ne), 
krypton (Kr), and xenon (X), respectively. 

As all these gases are absolutely inert, ami so far as is 
known are incapable of forming any compounds, their separa¬ 
tion had to be accomplished entirely by physical methods ; for 
this purpose fractional distillation (p. 32) was employed. 

"When any ordinary gas (as distinguished from a perfect 
gas, footnote, p. 163) is allowed to expand, its temperature 
is usually lowered to some extent because of the work done 
in overcoming the cohesion of its molecules. Further, if a 
compressed gas is allowed to escape continuously from a small 
aperture into the air, the gas is continuously cooled, because 

* As the concentration of the nitrogen tetroxide remains inappreciable 
owing to the immediate absorption of the gas by the alkaline solution, the 
reversible reactions previously described (p. 299) proceed in the direction 
giving the oxide until practically the whole of the nitrogen is removed. 

f Helium was first obtained by (tamsay from certain rare minerals such 
as dleveite and uranite, in which it is produced by the disintegration of 
radio-active elements (p. 733t- It also occurs in extremely minute quanti¬ 
ties in certain mineral waters. Helium is the only gas which has not yet 
been solidified. * 
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of the work done against the atmospheric pressure; thus on 
the tap of a cylinder which contains highly compressed carbon 
dioxide being opened widely the cooling effect is so. great that 
some of the gas is frozen to a colourless crystalline solid, which 
may be collected in a cloth loosely wrapped round the tap. 

Now, if a metal tube (a, fig. 116) containing a highly 
compressed gas is surrounded by a larger tube ( b ), and the 
expanded.and cooled gas* escaping from the 
outlet (c) is caused to pass back again 
around the narrower tube (a), the com¬ 
pressed gas in the latter is cooled before 
it expands, and when it expands its tem¬ 
perature is further lowered. J>y continuing 
the process, the temperature of the gas at the 
moment of its expansion may be reduced to 
such ail extent that part of the gas liquefies 
as it escapes from the nozzle (c), and collects 
in the chamber ( d ). 

This is the principle of the process now 
used for obtaining liquid ‘air’ with the aid of 
apparatus devised by Linde and by Hampson. Fig. 116. 

In these ‘machines,’ instead of the straight 
tubes shown above, the two streams of air are brought into 
much more intimate contact in spirally arranged tubes many 
feet in length. The compressed air escapes under a pressure 
of 150-200 atmospheres, while the pressure of the expanded 
gas is maintained at one atmosphere. 

Vessels in which liquid air and other liquids of very low* 
boiling-point may be kept for a considerable time uniter 
atmospheric pressure were devised by Dewar, "who in com¬ 
paratively recent times has succeeded in liquefying hydrogen 

in large quantities.* They consist of double-walled glass 

% 

* For measuring the low temperatures reached in such experiments 
ordinary thermometers are of course useless, Sand a platinum resistance 
thermometer is employed. The resistance offered by platinum to the passage ' 
of an electric current varies regularly with the temperature of the metal. 

i 
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bulbs (fig. 117), the space between the walls being com¬ 
pletely exhausted so that heat cannot be conducted from the 
outside air to the liquid; in some bulbs the surfaces of the 
vessels are silvered in order that they may reflect radiant 
heat. 


For the isolation of the inert gases of the atmosphere fractional 
listillation may In; applied either to liquid ‘air’ or to the crude 

‘ argon ’ which is obtained from the atmosphere 
by the methods just described. • 

Liquid ‘air’ varies in conqtosition. Since 
nitrogen (b.p.-194°) is more volatile than oxy¬ 
gen (b.p. -182'5°), the liquid ‘air’ contains 
a larger proportion (about 55 per cent.) of 
oxygen, while the gas which escapes liquefaction 
contains a larger proportion of nitrogen (and of 
helium and neon), than does the atltiosphere. 
This less easily condensed portion may first 
be freed fiom nitrogen by chemical methods 
and then cooled with liquid hydrogen; neon 
(b.p. -233°) is thus liquefied, while helium 
(b.p. - 207° ?) remains in a gaseous state and 
may be pumped oft*. 

The more easily condensed portion, or liquid ‘air,’ when allowed 
to evaporate slowly in a Dewar flask, first loses almost pure 
nitrogen. After some time the residue consists almost entirely 
of oxygen (and in this way oxygen may lie prepared from the 
atmosphere for commercial purposes); lint when this liquid is 
slowly evaporated, it finally affords, in order, argon (b.p. - 186°), 
krypton (b.p.-152°), and xenon (b.p.-109°). Each of these pro¬ 
ducts is purified by repeated fractional distillation. 

In the case of crude argon, this may lie liquefied by cooling it 
with liquid ‘air,’ and then fractionally distilled; the dissolved 
helium and neon escape first, while the krypton and xenon remain 
in«the last fractions. 



Fig. 117. 


The five gases named above seem to be incapable of under¬ 
going chemical change no matter under what conditions they 
are placed. Obviously in # these circumstances their atomic 
weights cannot be determined by the method previouply 
described, which is 4o find the smallest quantity of the 
element which i{ contained in the gram-molecule of any of 
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its compounds^(pp. 195-198). The molecular weights of the 
elements may, of course, be obtained directly from their 
densities in the usual manner; but in order to ascertain their 
atomic weights it is further necessary to know the .number of 
atoms in their molecules. 

• Now the molecular heat of a gas under constant volume is 
the amount of heat required to raise the temperature of 22*4 
litres of the gas (measured at N.T.P.) through 1°. In the 
case of a perfect gas (footnote, p. 163) this value can be calcu¬ 
lated, and is found to be 3 calories; but with most gases more 
than 3 calories are required, because of the heat absorbed in 
doing work within the molecules of the gas. The heat 
expended in doing this work depends on the molecular com¬ 
plexity of the gas ; in monatomic gases (p. 383) it is nil—that 
is to sify, the molecular heat of a monatomic vapour such as 
mercury (p. 630) is 3 calories; in diatomic gases the molecu¬ 
lar heat is about 5, in triatomio gases about 7*5, calories, 
and so on. Consequently, if the molecular heat of a gas can 
be determined the atomicity of the molecule (the number of 
atoms in the molecule) is known. 

As it has been found that the molecular heat of argon and 
of the other gases of this family is approximately 3 calories,* 
it follows that these gases are monatomic; consequently their 
atomic weights are identical with their molecular weights. 

Spectrum Analysis. 

The inert gases described above, as will be obvious from 
their properties, cannot be distinguished or identified by 
chemical tests, and yet it is possible to recognise witli 
certainty a quantity of any one of them which is far* too 
small to be measured; this is accomplished with the aid 
of spectrum analysis. 

* The molecular heat was determined from a measurement of the 
velocity of sound in the gas—that is to say, by Kundt’s method (described 

Ci> 

in text-books on physics) of determining the Aitio ^ of a gas, ^ 

\ 
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When white light from an incandescent solid such as 
platinum, or quicklime (p. 134), or carbon (p. 133), is passed 
through a prism and undergoes dispersion, there results a 
continuous spectrum ; that is to say, light of all wave-lengths 
between those of the visible violet and the visible red rayf 
is seen in the spectrum (Plate I.). When, however, 6he light, 
from a glowing gas or vapour is examined in this way the 
resulting spectrum is discontinuous , and consists either of a 
number of lines ( line-spectrum) or of a number of bands 
[band-spectrum) according to the nature and temperature of 
the incandescent substance. If, for example, a little sodium 
chloride is introduced into the (non-luminous) Bunsen-flame, 
and the light from the llame is examined with a spectroscope , 
there is no continuous spectrum to be seen, but only a single 
bright-yellow line (Plate I.), which occupies the same position in 
the spectrum as would the yellow light of this particular wave¬ 
length, had the spectrum been that of an incandescent solid j 
this yellow line is given by all sodium compounds.* Simi¬ 
larly, when potassium chloride is introduced into a Bunsen-flame 
and the light is examined with a spectroscope, the spectrum 
is seen to consist of two lines, one bright red and the other 
blue (Plate I.), which occupy respectively the same positions 
as light of the same wave-lengths in a continuous spectrum; 
these two lines are given by all potassium compounds.* 

Now, every element gives a characteristic spectrum by means 
of which it can be identified; moreover, the quantity of any 
element required to give a spectrum is extremely small. 
Hence the spectroscope affords a means of identifying with 
absolute certainty quantities of matter which are so minute 
that they are not weighable even on the most delicate 
balance; in the case of some elements it is thus possible to 
identify 10“ 6 to 10~ 9 gram. 

* The spectrum of the gas chlorine is so faint that it is baiely 
visible under these conditions. Vith extremely delicate spectroscopes, 
in the place of the single sodium line, two lines are seen very close- 
together. 
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Spectrum analysis was first brought into use in 1859 by 
Bunsen and Kirchhoff, and almost immediately afterwards 
(in 1860) the great value of this new method was strikingly 
demonstrated by the discovery with its aid of the two 
elements, rubidium and caesium (Plate 1.); since that time 
.many other elements have been discovered with the aid of 
the spectroscope. 

'Fhe spectrum Of a compound shows the lines of the 
elements of which it is composed provided that the compound 
is sufficiently heated, and is thus decomposed into its con¬ 
stituent elements; similarly, a mixture of elements or of 
compounds shows the characteristic lines of each of the 
elements present. If, for example, a mixture of, say, sodium 
and potassium chlorides is heated in a Bunsen-flame, the 
intense yellow colouration produced by the sodium may com¬ 
pletely mask the violet colouration given by the potassium 
when the flame is examined with the naked eye; when, how¬ 
ever, the spectroscope is employed the characteristic lines of 
both metals are distinctly observed. 

Instead of some of the substance being simply heated on 
the end of a platinum wire in a Bunsen-flame, electric sparks 
may be passed between two platinum wires the ends of which 
have been dipped into the substance, or between two carbon 



Fig. 118. 


rods which have been impregnated with the substance ; in the 
case of metals, sparks may be passed between two wirfis of 
the metal. 

The spectra of gases are obtained with the aid of Geissler 
or Pfliicker .tubes (fig. 118). t The tube is provided with 
platinum terminals ( a , a) and contains the gas under a very low 
pressure. On the terminals (a, a) being connected with those 
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of an induction coil, and a discharge being passed, the whole 
tube glows, and the emitted light (best that from the very 
narrow middle portion of the tube) may be examined with 
the spectroscope. 

It was in this way that the inert gases of the atmosphere 
were proved to bo new substances, and their spectra bfcing now 
known, they may be detected and identified with absolute 
certainty by spectrum analysis. 

When light from an incandescent solid is passed through 
a transparent solid, liquid, or solution, some of the light¬ 
waves are absorbed; the transmitted light does not give 
a continuous spectrum, but one which is broken by dark 
spaces, and tho positions and breadths of these dark spaces 
depend on (a) the nature of tho substance examined, (fi) the 
thickness of the layer through which the light has ‘passed. 
Spectra thus obtained are called absorption spectra; they are 
often highly characteristic, and may then serve for purposes 
of identification. 

The light from tho sun, when examined with a delicate 
spectroscope, gives a spectrum in which appear a very large 
number of dark lines; these were first noticed by Fraunhofer, 
and are known as Fraunhofer’s lines. A great many of these 
dark lines occupy positions in the spectrum which correspond 
with those of the brujht lines given by some of the common 
elements (Plate I.). This fact is explained as follows : When 
white light is passed through a vapour or a gas which is at 
a lower temperature than the incandescent source of light, 
this vapour or gas absorbs those waves which it itself gives 
otft when it is incandescent. The sun is an incandescent 
mass surrounded by gases and vapours which, l>eing at a lower 
temperature than the sun, absorb certain waves; as many of 
the waves which are thus absorbed are identical with those 
given out by incandescent terrestrial elements, it must be 
concluded that many of thesa elements are contained in the 
sun. 

Spec try in analysis, therefore, renders it possible to identify 
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the constituents of heavenly bodies; by this means it has 
been found, not only that many (more than thirty-four) of 
the terrestrial elements are contained in the sun, but that 
many of them are also present in the stars. 


CHAPTER LXII. 

Iron, Nickel, Cobalt, and Related Metals. 

Iron, nickel, and cobalt do not form a natural family 
comparable to those already studied, and their relationship 
to one another and to the other metals described in this 
chaf>tej! may l>e left for later consideration (p. 709). It will 
be sufficient to point out here that although iron, nickel, and 
cohalt all form very similar compounds, in which the elemonts 
are bivalent, these compounds cannot l>e regarded as typical, 
and in some respects iron ns more closely related to manganese 
and even to chromium than to nickel and cobalt. One 
noteworthy resemblance between iron, nickel, and cobalt is 
that they arc all attracted by a magnet. 

Ikon, Fo ; At. Wt. 55*8. 

Iron, the most important of all metals, is rarely found in 
a free state except in tho form of meteoric iron , which, in small 
particles constantly and in large masses occasionally, reaches 
the earth from the world beyond.* 

Tbe principal compounds from which the metal is extracted 
arc the oxides, Fog0 3 and Fe 3 G 4 , and the carbonate, FeCQ 3 , 
which occur in vast quantities in many parts of the world, 
often in close proximity to the coal-measures. 

Of the more important ores, the following may be men- 

* Some masses of meteoric iron weigh as much as twenty tons. Meteor¬ 
ites always contain nickel in considerable quan^ties; cobalt, copper, carbon, 
and many other olcments are also often present in small quantities. 

lllUTK- 2 B- 
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ti(mod : * red hmnatite (fi brown earthy mass). specular iron 
ore (a gray crystalline mineral), ami kidney ore (brownish-red 
nodules), which are varieties of ferric oxide, Fo 2 () 3 ; brown 
limn at He, (a dark reddish-brown mineral), yellow ochre, and 
boy iron ore, which consist of a hydrated ferric oxidd, 
*V/> 3I 2Fe(Oll) a ; maywlite, may net ic iron ore, or Indent one, 
a black, often crystalline mineral of a high degree of purity, 
consisting of Fe a l; sidcrite. or spathic iron ore, a yellowish- 
brown crystalline mineral (when mixed with clay it \s known 
as eday ironstone, and when in addition it contains coal it is 
known as hlucldxnid ironstone). These spathic ores all con¬ 
tain ferrous carbonate, FeC0 3 , mixed with variable quantities 
of the carbonates of manganese, calcium, and magnesium. 

Small quantities of combined iron arc contained in all 
plants and animals, b» the life ol which iron is essential ; 
chlorophyll (j>. 139), for example, and lucmoglobin (the 
coloured matter of the blood), contain iron compounds. Many 
natural waters contain a little ferrous carbonate in solution 
(chalybeate waters) ; such waters give a rod deposit of 
hydrated ferric oxide on exposure; to the air. 

The Manufacture of Cast-Iron or Piy-Iron. —Ferrous 
carbonate is converted into ferrous oxide at relatively low 
temperatures. This compound and the, higher oxides of iron 
are easily reduced to the metal when they are heated in a 
stream of carbon monoxide (p. 288). These reactions are 
made use of in the extraction of iron from its ores; but many 
other changes occur during this operation, and the crude 
product is highly impure. The reason of this is that the 
<iVes contain earthy matter (silica, clay, limestone, &o.), and 
in prder to separate the metal, after it has been formed by 
the reduction of its oxides, it is necessary to melt not only 
the iron, but also the whole of the. earthy matter with which 

* Tron pyrites (p. 221), a)though abundant, is not usually classed as an 
iron ore, and is chiefly employed a. a source of sulphur dioxide ; the ferric 
oxide which remains when pyrites i* rousted cannot he used for the manu¬ 
facture of Iron by the ordinary methods, owing to the combined sulphur 
which it tctaina. 



IRON, NICKEL, COBALT, AND RELATED METALS. 691 

the metal is # mixed. For this purpose a Jinx (p. 585) must 
usually be added, and oven then a very high temperature is 
required. At this high temperature the molten iron dissolves 
or combines with carbon from the fuel, and with silicon, 
phosphorus, .and sulphur which are formed by the reduction 
»of the Silicates, phosphates, and sulphates present in the ores. 
These elements, together with more or less manganese (formed 
by the reduction of manganese compounds, which are nearly 
always present), are all ‘ contained in the crude iron (pig- 
iron), and together form some 6-10 per cent, of the product. 

The smelting of iron ores is carried out in a hlast-furnaxa 
(fig. 119). This furnace, which is often about 80 feet in 
height and about 20 feet in greatest internal diameter, is 
constructed of firebrick, strengthened by sheet-iron or steel. 
It is <£>mp]etely Idled with the furnace charge, a mixture of 
iron ore, coke (or coal), and llux in suitable proportions; and 
when once started it is worked continuously, perhaps during 
several years. The materials are introduced at the top, and 
by means of the counterpoised cover (a) the furnace is kept 
closed, so that the furnace gas which escapes through the 
pipe (/>) may he collected and utilised. Near the hearth 
or bottom of the furnace a number of blowpipes or twyers, 
concentrically arranged, pass from the annular pip© (c) 
through the Avails, ami supply a powerful blast of heated air 
for the combustion of the fuel. At the very high tempera¬ 
ture which is reached here the iron is completely melted, 
as is also the oarthy matter, assisted by the flux. The 
molten iron collects at the bottom of the furnace, and by 
removing a clay plug it is run off from time to tim?. 
into channels formed in sand. The melted slag collect# at 
the surface of the molten iron in the furnace, and flows away 
continuously through an opening (not shown in the fig.) 
some distance above the bottom of the hearth. 

The principal chemical change? which occur in the process 
are as follows: Near the bottom of t^o furnace the coke in 
the charge hums to carbon dioxide in tlui heated Air-blast, 
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the temperature is very much lower, the oxides of iron are 
reduced by the carbon monoxide (p. 288), and farther down 
the oxides of manganese likewise undergo reduction. The 
mixture of finely divided iron, earthy matter, fuel, and flux 
slowly falls, until it reaches the region of high, temperature 
near tfle twyers; here, as already mentioned, the iron melts 
and takes up carbon, silicon, phosphorus, sulphur, and man¬ 
ganese, while the earthy matter and the flux react to form 
a fusiblg slag. 

The products of the blast-furnace are crude iron (east-iron 
or pig-iron), stay, and furnace yas. 

Cast-iron or pig-iron varies considerably in composition and 
in properties. Sonic varieties (white cast-iron) show a very 
lifjjit-gray, fine-grained structure, and look homogeneous; 
other* {(/ray cast-iron) show a much darker, coarse-grained 
structure, and look heterogeneous and distinctly crystalline in 
parts. Intermediate varieties (mottled cast-iron) are also 
obtained, and in fact the different qualities grade into one 
another almost insensibly. The difference in properties 
depends essentially on the form in which the carbon is 
present in the iron. In white cast-iron most of the carbon 
is combined with the metal, forming iron carbide, whereas 
in gray cast-iron most, of the carbon is present as free 
graphite ; in mottled cast-iron the carbon is partly combined 
and partly free. Spiegeleisen is a lustrous crystalline cast-iron 
which contains 5-20 per cent, of manganese and also a large 
proportion of carbon. Ferromanganese contains about 30 per 
cent, of manganese and 5-7 ’5 per cent, of carbon. 

The composition of typical samples of white, mottled, and 
gray cast-iron is indicated below : 



White. 

Mottled. 

Gray. 

Combined carbon. 

. 217 

1-66 

0-94 

Free carbon . 

. 0 50 

1-56 

2*68 

Silicon.. 

. 0*8 

0T>2 

0-94 

Manganese . 

. 0 23 

1*53 

1*21 

Phosphorus . 

. 1-37 

0-63 

0-65 

Sulphur 

. 0-01 

0*03 

•001 
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White iron is obtained when the crude metal is ijapidly cooled ; 
it melts at about 1200” to a pasty mass, which contracts as it 
solidities, and, consequently, is not suitable for making castings. 
When treated with diluted nitric acid it leaves very little residue 
of (free) carbo'n, because the combined carbon—that- is to say, tluj 
iron carbide—is attacked by the acid, giving iron nitrate, and soluble 
carbon compounds which colour the solution dark brown. 

Gray iron is obtained wlicn the crude metal is slowly cooled ; it 
melts at about 1150°, giving a fluid mass which expands as it 
solidifies, and, consequently, is suitable for making castings. When 
treated with diluted nitric acid it gives a considerable residue of 
(free) carbon or graphite, and the solution is only slightly coloured 
by compounds formed from the small quantity of combined carbon 
which was present. 

The slag from a blast-furnace consists essentially of a 
mixture of silicates of aluminium and calcium, but maj a?so 
contain manganese silicate ami a little ferrous silicate. The 
flux used to produce this slag depends on the nature of the 
earthy matter in the ore. Thus, when the ores contaiu sand 
only, limestone and clay must he added in order to got a 
mixture of calcium and aluminium silicates, which melts at 
a lower temperature than that at which either of its com¬ 
ponents, or sand alone, would liquefy. 

Slags are utilised in road-making and as ballast on railroads, or 
they are granulated by running them (while melted) into water, 
and then mixed with lime and made into * bricks ’ or into building 
cements. Slag-wool, a fibrous, asbestos-like material, is made by 
blowing a powerful jet of steam on a stream of the molten sing. 
It is used as a packing for steam-pipes, &c. 

Furnace gas consists principally of a mixture of nitrogen (about 
57), carbon monoxide (about 27), and carbon dioxide (about 10 per 
ceifct. by volume) and is combustible. It is utilised in beating the 
air-blast, in raising steam, and in working gas-engines. It is not 
possible to utilise the whole of the carbon monoxide in the furnace 
for the reduction of the oxides of iron, as the reaction, 

F&jOg + SCO = 2Fe + 3CC 2 , 

is reversible, and therefore a condition of equilibrium it attained. 
The object of heating the air supplied to tiie twyers is to lessen 
the consumption of fuel it the furnace and to obtain a higher 
temperature. The air is heated by passing it through chambers 
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(Cowfter or Whitt veil stoves) containing brickwork, which is heated 
wit h the aid ol the furnaee gas. 

One large furnace will produce about 200 tons of pig-iron per 
day. The quantity made in Great Britain alone in 1907 amounted 
to more than 10 million tons. * 

■ 

• Malleable iron. —Cast-iron, the product, of the Mast-furnace, 

although very hard, is extremely brittle, and cannot be used 
directly lor engineering purposes except for making castings 
which <li» not need to hi* very strong ; for all other purposes 
the east-iron must be purified. 

Mow the physical properties of the products prepared from 
cast-iron depend to an extraordinary extent on the nature and 
proportion of the ‘impurities’ which are left in the iron. 

Jf these impurities are almost entirely eliminated there, 
result# a product which contains, say, 99*5 per cent, of 
iron and less than about 0 3 per cent, of carbon, and which 
is known as malleable- or irmut/lii-inm; if, however, a larger 
proportion, say 0T>-1 -13 per cent., of carbon is purposely left in 
the material, the product is then known as steel. These two 
varieties of ‘iron ’ pass into one. another by insensible grada¬ 
tions according to the amount of carbon present; but between 
extreme varieties there is a vast difference in properties, as 
will be described later. 

For the preparation of malleable iron, the least impure 
variety of the metal which is manufactured, it is necessary 
to get rid of the impurities as far as is possible. For this 
purpose cast-iron, usually the white variety, is melted in 
a furnace and the impurities are oxidised. Oxidation is 
accomplished with atmospheric oxygen, and also by liniftg 
the furnace bed with a layer of oxide of iron, or by adding 
oxide of iron to tin*, molten pig-iron. In either case the oxide of 
iron is reduced and the carbon in the pig-iron is oxidised to 
carbon monoxide, while some of the silicon and phosphorus 
are also oxidised to silica and phosphorus pentoxide respec¬ 
tively, which combine with ferrous oxide to form a fusible 
slag. 
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In the puddling process the pip;-iron is melted in $>, reverberatory 
furnace (p. 587), and is constantly stiired by hand or by machinery. 
The escape of the carbonic oxide causes the appearance of boiling ; 
hence the process is often called pig-hoiling. As the carbon and 
other impurities are removed the melting-point of the product rises, J 
and ultimately the malleable iron becomes still’enough to be formed 
into balls or blooms. These are pressed under a steam hammer to • 
free them fiom slag, and aie then cut and rolled into bars. The 
bars are reheated, welded together, and again cut and rolled. As a 
result of these operations, repeated several times, the bars acquire 
a fibrous structure, and the material is then known as wrong/if-iron. 

in the Siemens-Marlin piocess the pig-iron is heated with iron 
ores and scrap-iron in furnaces fed by gaseous fuel; when the pig- 
iron is rich in phosphorus the hearth is lined with dolomite, because 
the basic oxides contained in this material combine with the 
phosphorus pentoxide. Unless such a lining is used, pig-iron 
which contains much phosphorus cannot be employed for <bhe 
preparation of malleable iron, as this impurity is not eliminated 
in the ordinary puddling process. 

The quantity of impurity in two samples of malleable- or 
wrought-iron is indicated by the following figures : 

C=0T4, Si = 0‘04, P-0-07, Mn = 0‘37, S-0 08 per cent 
C=015, Si = 0T4, r = 0-2l, Mn=014, K = 0 04 per cent. 

Steel. —For the manufacture of steel various methods are 
used. In some of these practically the whole of the carbon 
and other impurities are removed from jug-iron, and to the 
malleable iron thus obtained iron rich in carbon is then 
added, in quantities sufficient to convert the whole into steel. 

The Bessemer process is bused primarily on the fact that 
when air is blown through a mass of molten pig-iron the 
heat generated by the oxidation of the silicon, manganese, 
cdthon, and some of the iron, is sufficient to kecj) the whole 
mass .liquid until the impurities are eliminated. 

The operation is carried out in a large converter (fig. 120), 
which takes a charge of 15-18 tons. The converter is made 
of sheet-iron, heavily lined on the inside with a fire-resisting 
layer of a siliceous earth (ganister). From the pipe («), 
*air at high pressure (18-^0 lbs. per sq. in.) can be forced into 
the chamber (/>), from which it passes through a number of 
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channels (e, g) in the lining of the bottom of the converter. 
The converter is mounted on trunnions, nnd by means of 
suitable machinery, it may be rotated about its horizontal axis 
through an angle of about 180°. 

The converter, having been thoroughly heated, is placed 
• in a nearly horizontal position, and the charge of cast-iron, 
previously melted in a small furnace, is run in. The con¬ 
verter is then rotated until it is vertical, and at the same time 
the air-blast is started. At iirst the silicon and manganese 



Fig. 120. 


and a little iron begin to oxidise, but after some lour minutes 
the carbon begins to.burn, and a flame of carbonic oxide soon 
appears at the mouth of the converter, the oxide of iron 
which has been formed undergoing reduction ; after the lapse 
of a further fourteen to sixteen minutes the flame suddenfy 
dies down, and the converter then contains malleable iron. 

In order t<\ transform this product into steel, the converter 
is again turned on its side and a suitable proportion (say 10 
per cent.) of spiegoleisen or ferromanganese (rich in carbon, 
p. 693) is added; the contents of the converter arc then 
mixed by starting tho air-blast for moment, and the steel 
thus formed is cast into moulds. . 
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When the Bessemer process was first invented (in 1856), 
pig-iron containing phosphorus could not he used for the 
manufacture of Bessemer steel, as this impurity was not 
removed. This great difficulty was overcome (in 1880) by 
Thomas and tiilchrist, who employed a basic lining (dolomite) 
for the converter, instead of the acid living (ganister) which 
had been used up to that time, and also added some lime to 
the contents of the converter. Phosphorus pentoxide unites 
with the basic oxides of calcium and magnesium in the dolo¬ 
mite, and with this lining it is actually advantageous to 
employ pig-iron which is rich in phosphorus, as the whole 
of the phosphorus is obtained iy the form of a phosphate 
(Thomas slag, basic slag) which is valuable as a manure. 

The following analyses show (i.) the composition of the ^ig- 
iron, (u.) that of the converter contents before the addition 
of the spiegeleisen, (in.) that of tin*, spiegeleisen, and (iv.) 
that of the finished Bessemer steel (an acid lining being used) .* 



0 

Si 

H 

r 

Mn 

I. . 

. 3 10 

0-98 

0 06 

010 

0-40 

II. . 

. 0 04 

0 02 

006 

o-io 

0 01 

III.. 

. 4*64 

0 05 

— 

0*14 

14-90 

IV. . 

. 0-45 

0 04 

006 

010 

115 


j The cementation process for the manufacture of steel depends on 
the fact that when bins of wrought-iron (p. 696Lure embedded in 
powdered charcoal in air tight chambers which are strongly heated, 
the iron becomes impregnated with caibon, and in the course of 
some seven to ten days is converted into steel. This product, called 
blister-steel , on account of the ‘blisters’ which form at the surface 
of the bars, is melted in graphite crucibles and then cast into 
iftoulds. Though the cementation process is a very slow one in 
comparison with the Bessemer piocoss, it affords steel of high 
quality, which is used principally for the manufacture of tools and 
cutlery. 

Malleatde iron may he transformed superficially into steel by 
heating it for a short time in powdered charcoal; this process is 
used for small tools, &c., and i# termed case-hardening. 

The open-hearth process for the manufacture of steel is much the 
same as Jhc Siemens-Martin process for the manufacture of malle¬ 
able iron ; the prod|ct is tested from time to time, and the opera- 
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lion is stopped wlien sufficient carbon to give steel still remains in 
thciion. Tl>e material t-lms produced is very similar to malleable 
iron, and generally contains less than 0'5 per cent, of carbon. 

The Propertius ok Malleable Iron and Steel. 

The "essential difference in composition between malleable 
iron and steel is that the latter contains tin; more carbon ; in 
malleable iron the quantity of carbon is generally below, 
say, 0\‘3«per cent., while in steel it is generally above, say, 0‘4 
per cent., and nmy reach as much as 1*0 or more. Hence 
samples of iron containing from about 0'3 to about 0‘4 per 
cent, of carbon may be classed as malleable iron, or as mild, 
low-carhon , or mallenfth sfeeL 

^Ialleable iron, as its name implies, may be rolled or 
hammered when it is hot, and may he drawn into wire; it 
may also he welded— that is to say, two red-hot pieces may 
bo worked together to form a homogeneous whole. Malleable 
iron is relatively soft and non-elastic, but is tough. It is 
easily magnetised, but it soon loses its magnetism again. 
Sulphur or phosphorus make malleable iron brittle when hot 
(red-short) or when cold ( fold-short ) respectively. t 

The properties of malleable iron do not undergo any change 
when the metal is made red-hot and then suddenly or slowly 
cooled. 

Steel is much harder than malleable iron, and except in 
the case of low-cnrlxm steels cannot be worked so easily as 
malleable iron, nor can it be welded. Its tenacity or tensile 
strength is much greater than that of malleable iron. It ys 
not easily magnetised, hut it. does not lose its magnetism 
again readily. Sulphur and phosphorus affect it as they do 
malleable iroiV 

The properties of steel are completely changed when the 
metal is heated above 770° and then suddenly cooled by 
plunging it into water; it becomes very much harder, and 
much more brittle. This process of treating steel is known 
as hardening. Steel which has been hardened, if heated to 
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220-300° and then allowed to cool, becomes softer and 
tougher, and the extent to which the hardened steel is 
changed depends on the temperature to which it is heated; 
this process‘of treating hardened steel is known as tempering. , 

]»y combining these processes, steel of almost any desired 
hardness, elasticity, &<*., can be obtained, and thus'a given* 
material may he rendered suitable for a great variety of very 
different purposes. 

These changes may be shown by heating a portion of* a watch- 
spring (tempered steel) to a red-heat in a Tiunscn-burncr, and then 
suddenly plunging it into cold water or mercury ; the steel is then 
so brittle that it is easily broken into small pieces between the 
thumb ami lingers, and so hard that it will scratch glass. If now 
this hardened steel is heated in a mctal-bath at about 260° and then 
allowed to cool, it becomes tough and much softer. A pie<$ of 
malleable- or wrought-iron wire treated in a similar manner Remains 
unchanged. 

A great many varieties of steel, containing nickel, man¬ 
ganese, chromium, or other elements, are now manufactured; 
each of these lias certain properties which render it especially 
suitable for some particular purpose. 

SoniCj or the whole, of the carbon contained in steel is 
present in a combined form, probably as rarhide of iron, 
FojjC. Various views have been advanced to account for the 
great variation in properties of different qualities of steel and 
of identical qualities of steel which have been differently 
treated. 

Pure iron is capable of existing in three allotropic forms 
which are converted one into the other at certain temperatures, 
'these modifications differ in crystalline form and in other 
physical properties (hardness, tenacity, elasticity, <fcc.), and 
also in the readiness with which they dissolve eitrhide of iron. 

a,-Ferrite, which exists below about 770°, is soft and 
magnetic, and only a very goor solvent for carbide of iron. 
fi-Ferrite, which exists from about 770 to 890°, is hard and 
non-magnetic. y -Ferrjfe, which exists from above 890°, is 
aI«o non-magneti" 
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Accordin^to one explanation of the behaviour of steel, the 
mihardened metal, which consists of a-ferrite, changes at 
about 770° into the fi- form; if now this is suddenly cooled, 
it does not pass back again into the soft a-form, owing to the 
presence of the carbide of iron, but if very little of the latter 
is present the soft a-form is reproduced. 

Another explanation of the behaviour of steel is as follows : ' 
The maximum quantity of carbon which can be taken up 
by pur»molten iron is 4*8 per cent.; on cooling, some of the 
carbon separates as graphite until a eutectic (p. 315), con¬ 
taining 43 per cent, of carbon and melting at 1130°, is 
formed. After this eutectic has solidilied a further quantity 
of graphite separates, leaving an alloy or solid solution of 
irqn and iron carbide, containing 2 per cent, of carbon, 
and known as martensite. On this alloy cooling to about 
1000°, the martensite begins to change into a hetero¬ 
geneous mixture of cement it e (6*7 per cent, of carbon) or 1 
carbide of iron, Fe 3 C, and an alloy or solid solution of iron 
and cementite, which contains only 0*85 per cent, of carbon, 
but which is still known as martensite (or sorbite). From 
about 690° the rest of the martensite (or sorbite) begins to 
change into cementite, and the material linally consists of a 
soft, heterogeneous mass of cementite and pure iron (ferrite).. 
When the steel is suddenly cooled, the martensite, which 
forms the red-hot material, does not pass into cementite and 
ferrite, but remains-in a metastable condition (p. 313); by 
reheating to abmit 220-300° some of the martensite undei 
goes change and the steel is tempered. 

i 

Pure Iron and its Properties. 

Pure iroh is seldom met with, but may be obtained by 
reducing pure ferric oxide with pure hydrogen at about 600°.* 

* When reduction takes place at a low temperature the product is 
pyrophoric; that is to say, it glows %n exposure to the air (especially if 
warm),- and is converted into oxide. , 

Ferrtun redactum is a variable mixture if iron and iron oxide used in 
pharmacy. * * 
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In the massive state it is silvery-white ami softf 1ms a sp. gr. 
7'7S, and limits at about 1000 ’. 

Iron is not appreciably attacked by dry air or by pure 
water, but it rapidly rusts under ordinary conditions ; this 
appeals to be due to the action of carbonic acid, which 
attacks iron readily, 

Fe + H,C<),-FeCO, + H 2 . 

The farrow* carbonate thus formed is very unstable, and in 
aqueous solution it undergoes hydrolysis and oxidation, giving 
ferric hydroxide. The rusting of iron is prevented by coating 
the metal with tin (p. 588), zinc (p. 625), or nickel (p. 700) • 
also by painting or varnishing it. 


Iron which has Leon dipped in nitiie acid 
certain othei solutions, and then washed 
attacked by nil lie acid, and is said to he 
behavioui is shown by eeitain other metals, 
explanation of these facts is still vaiding. 


of sp. gi. 1 '4, or # in 
m ith water, fc not 
IMtssiw; a similar 
hut. a satisfactory 


Iron forms two basic oxides, ferrous aside, FeO, and ferric 
aside, Fo 0 0. } , from each of which a series of corresjionding 
salts is obtained. Tlie black aside,, Fe. { () 4 , which occurs in 
nature, and which is formed when iron is heated in the air 
(smithy scale), or in steam, is not a basic oxide; when treated 
with acids it gives a mixture of a ferrous and a ferric salt, 
and thus behaves as if it were a compound of FeO and F ef ) 3 . 


Ferrous Compounds. 

Most of the ferrous salts may he directly obtained by 
treating iron with the required acid ; but, owing to the readi¬ 
ness with which these salts undergo oxidation, care. must, be 
taken to exclude atmospheric oxygen, especially when the 
evolution of hydrogen lias ceased. So long as hydrogen is 
being generated, any ferric sa^t which is formed is reduced 
again to the ferrous compound. Anhydrous ferrous salts are 
generally colourless, yellow, or brown, hut the hydrated salts 
arc usually green, f 
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Ferrous hydroxide, Fo(( >H) 2 , is obtained as a pale-green 
flocculent precipitate on sodium hydroxide being added t,o a 
solution of a ferrous salt. It is slightly soluble in water, 
giving an alkaline solution, and it rapidly absorbs oxygen, 
giving ferric hydroxide. Ferrous oxide, FeO, a black solid, 
* is mosff conveniently obtained by igniting ferrous oxalate, 
FeC a 0 4l out of contact with the air. 

Ferrous chloride, FeCL, 4ll a O, is a green crystalline sub¬ 
stance; 4he anhydmus salt is colourless, and may be obtained 
by heating iron in a stream of dry hydrogen chloride. 

Ferrous sulphate, F«S0 4 , 7H 2 () (pp. 37, 226), is the 
commonest ferrous salt. It oxidises on exposure to the air; 
but the pale-green double salt (p. 322) which it forms with 
auijnoniuni sulphate— ferrous ammonium sulphate, FeSO.,, 
(NI{jf>S() 4 , 611-is much more stable, and is often used 
in standardising solutions of potassium permanganate (p. 453). 

Ferrous sulphide, FoS (p. 215), is obtained as a black 
precipitate when solutions of ferrous or of ferric salts are 
treated with ammonium sulphide (not with hydrogen sul¬ 
phide, p. 220); with ferrous salts a simple double, decomposi¬ 
tion occurs, 

FeS0 4 + (NH 4 ) a R = FeS + (NH 4 ),S() 4 ; 
but ferric salts are lirst reduced to ferrous compounds, 

Fe„(S( ) 4 ) s + (N H 4 ).,S - 2FeS0 4 + (N H 4 ) 2 S0 4 + S. 


Fkrric Compounds. 

The ferric salts are usually prepared by oxidising the 
ferrous salts with chlorine, nitric acid, <&c., and are generally 
yellow ; they may be reduced to ferrous salts with naccent 
hydrogen (p.*341). 

Ferric oxide, Fe 2 0 3 , may be obtained by igniting ferric 
hydroxide (or ferrous sulphate^ p. 491). it is a reddish- 
brown solid (luematite, rouge), and is only slowly attacked 
by concentrated hydrochloric acid. ^ 

A mixture of ferric oxide and granulated aluminium is 
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extensively used under the name of Ihormite for the produc¬ 
tion of a high temperature in certain metallurgical operations. 
When this mixture is lighted with a ‘fuse’ of magnesium 
ribbon a very vigorous reaction occurs (p. 443), 

Fe,O s + 2A1 = 2Fe + A1 2 0 3 , 

and the heat development is so great that the iron and* 
alumina both melt. Hence, with the aid of thermite, steel 
rails, &c., may be welded together as they lie, and all sorts 
of repairs to iron and steel work may be carried out without 
the aid of a furnace. 

Ferric hydroxide, Fe(OH) 3 , is formed as a reddish-brown 
ilocculont precipitate on a solution of sodium or ammonium 
hydroxide being added to a solution of a ferric salt, 

FeCl.j + 3NaOH - Fe(( )II) 3 + 3NaCl. . • 

The precipitate is soluble in a solution of ferric chloride; 
and when this product is submitted to dialysis, a ‘colloidal 
solution ’ (p. 327) of ferric hydroxide is obtained. 

Ferric hydroxide is a relatively weak base, and does not 
give salts with very weak acids such as sulphurous and 
carbonic acids. 

Ferric chloride, FeCJ 3 , may be prepared by heating iron in 
a stream of dry chlorine; the product is readily volatile 
(b.p. about 280'), and condenses in dark, lustrous crystals. It 
is readily soluble in water, giving a brownish-red solution 
which contains basic salts formed by hydrolysis, and the 
colour of which becomes more intense on warming, owing 
to the further formation of such basic salts. 

• Solutions uf ferric chloride may he obtained by dissolving 
the hydroxide in hydrochloric acid, by passing chlorine into 
a solution of the ferrous salt, or by oxidising the latter with 
nitric, in presence of hydrochloric, acid, 

3FeCl, + 3HC1 + UNO, = 3FeCl 3 + NO 4- 2n 2 0. 

On evaporation, such solutions give yellow, crystalline, hy¬ 
drated salts of variable composition. 

Ferrid sulphat^ Fe 2 (»S0 4 ) 3 , prepared by dissolving the 
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hydroxide in sulphuric acid, gives ferric alums with sul¬ 
phates of the £ype X 2 S0 4 (p. 616). 

Ferric phosphate, FePO,„ is met with in qualitative 
analysis as a pale-yellow llocculent precipitate, which, like 
the phosphates of chromium and aluminium, is ‘insoluble in 
^cetic acid. 

Iron pyrites, FeS^ (pp. 221, 287), is an important iron 
compound, and may he regarded as a derivative of tervalent 
iron; obvdously, however, its constitution, possibly expressed 
by the formula S : Fe/S'S'Fe : S, does not correspond with 
that of feme oxide. 

Iron compounds aro easily detected in the laboratory, and 
ferrous arc easily distinguished from ferric salts with the aid 
of a solution of sodium or ammonium hydroxido or a solution 
of pStaisiuin ferricyanide (sec below). 

Potassium fervor.j/anide, K 4 Fe(CN) 6 , 3T1 2 0, and potassium 
ferric t/anide, K. { Fe(GN) 6 , are described elsewhere.* The 
ferroeyanidc may be obtained in the laboratory by treating 
ferrous hydroxide with potassium cyanide (p. 679), 

Fo(OH) 2 + 6KCN - K 4 Fe(CN) ft + 2Iv()H, 

and the ferricyanide by passing chlorine into a solution of 
the ferrocyanule, 

2K. t Fe(0N) (! + Cl 2 - 2K 3 Fc(CN) 6 + 2KCL 

Potassium ferrocyanide and ferric salts, and potassium 
ferricyanide and forrp/t* salts, when mixed together in 
aqueous solution, give a blue precipitate (Prussian blue, 
Turnbull’s blue); but potassium ferricyanide and a ferric 
salt do not give a precipitate. 5 


# Nickel, Ni ; At. Wt. 58*7. 

Nickel occurs in meteorites, and generally associated with 
cobalt. It is fouhd in a number ores as sulphide, arsenide, 
and silicate. 

% 

* Organic Chemistry (Perkin anil Kipping ; W. & R.|piainhers, 7s. Rib). 
Inorf. 2 s 
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Some of the more important ores, such as t qarnierite t are 
complex silicates of nickel, iron, calcium, and magnesium: 
the arsenide , NiAs, is a copper-red mineral known as 
kupfernickel. 

The extraction of nickel from these ores, and especially 
its separation from cobalt, were until comparatively" recently* 
very troublesome operations; but an important discovery by 
L. Mond has overcome these difficulties. 

When carbon monoxide is passed over finely divided nickel, 
heated at about 55 ', combination occurs, and nickel carbonyl, 
Ni(CO) 4 , distils as a colourless, highly refractive, poisonous 
liquid (b.p. 43°), which is readily decomposed at about 200° 
into nickel and carbon monoxide. Cobalt docs not combine 
with carbon monoxide under the above conditions. 

Based on these principles, the following process is now employed 
for the commercial preparation of nickel. The ores are first 
‘roasted’ if they contain sulphides and arsenides, in order to 
convert these compounds into the oxide; they are then heated 
at about 400° in a mixture of carbon monoxide and hydrogen 
(water-gas) until the oxide is reduced to the finely divided metal. 
When reduction is complete the temperature is lowered to about 
55°, anti the nickel carbonyl, which is then produced, is passed into 
chambers heated at about 200 ; at this temperature the com¬ 
pound is rapidly decomposed into metal and carbon monoxide, 
and the metal is deposited in a coherent, highly lustrous form.* 

Nickel is a silvery metal of sp. gr. 8‘8, ami melts at about 
1455°. It does not rust appreciably; for this reason, and 
also on account of its beautiful lustre, it is used in plating 
iron and other metals. It is also used for the preparation 
%f alloys, sucli as German silver (nickel 25, zinc 25, and 
copper 50 per cent..), and in the manufacture of nickel steel 
(p. 700). 

* Iron combines with carbon monoxide at high temperatures and 
pressures, giving Iron pentacarbonyl, a volatile yellow liquid of the 
molecular formula Fe(CO) 5 . This liquid decomposes on exposure to light, 
giving a yellow solid, Fe 2 (CO) 9 , ant! by heating a solution of this solid at 
95°, Iron tetracarbonyl, Fe(CO) 4 , a green crystalline compound of complex 
molecular* f orrnukt, is obtained. 

Cobalt combines w^h carbon monoxide under pressure at 150°, giving 
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The compounds of nickel are not of groat importance. 
The metal is rapidly acted on by nitric acid, giving the 
nitrate, but it is only slowly attacked by hydrochloric or 
sulphuric acid. The anhydrous salts are mostly yellow, 
but the hydi’ated crystals and their aqueous solutions are 
general 1/ green. 

Nickel sulphate, NiS() 4 , 711,0, is prepared by dissolving 
the metal in sulphuric acid, in presence of nitric acid, ami 
then evaporating the solution; it is readily soluble in water, 
and is isomorphous with other sulphates of the type XS0 4 , 
7H 2 0. 

Nickel hydroxide, Ni(OlT),, is obtained by precipitation 
as a light-green flocculent solid, which is converted into 
nicl^lous oxide, NiO, when it is heated. 

The ftther salts of nickel are also derived from the oxide 
NiO. A higher oxide, nirhi/ir (u'id*\ N i,0 3 , is known, but 
it is not basic, and with acids it gives niekelous salts and 
oxygen or chlorine as the case limy be. This oxide is pre¬ 
cipitated as a black powder when a nickel salt is treated with 
sodium hypochlorite, or with bromine and sodium hydroxide, 
in aqueous solution, 

2Ni(OH) 2 + NaOCl - Ni/), + 211,0 + NaCl. 

Nickel sulphide, NiS, is formed as a black precipitate on 
ammonium sulphide being added to a solution of a nickel salt; 
it is only slowly attacked by hydrochloric acid. 

Cobalt, Co ; At. Wt. 59*0. 

This metal is very similar to nickel in its main character¬ 
istics, and its ^principal compounds correspond in type with 
those of nickel. It may be obtained by reducing its oxide 
in a stream of hydrogen. Tt has a reddish lustre, a sp. gr. 

orange crystals of a compound of the molecular formula Co. 2 (CO) 8 ; this 
carbonyl decomposes at 60°, giving black crystals of a substance of the 
empirical formula Co(CO) 3 . Molybdenum carbSbyl, Mo(CO) 6 , a colourless 
crystalline substance, is also known. t 
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8*8, and melts at about 1530°. The metal, is but littlo 
used.* 

Cobalt nitrate, Co(NO ;{ ) 2 , 6TI 2 0, is obtained in pink crystals 
when the metal is treated with nitric acid and the solution^ 
is then concentrated. The hydroxide, Co(OII) 2 , is formed as 
a pink precipitate on sodium hydroxide being added t*o a boil-* 
ing solution of the nitrate; at ordinary temperatures a bluish 
precipitate of a basic salt is obtained. Cobaltous oxide, 
CoO, is prepared by heating the hydroxide out of contact 
with the air; in presence of air cobaltic oxide is also formed. 

Cobalt sulphate, CoSO.,, 7H 2 0, cobalt chloride, CuCl 2 , 
611.0, and other salts derived from the oxide CoO, are pink 
in the hydrated form and in solution, but turn blue when 
they are dehydrated. 9 

Characters written on paper with a dilute (palfi-pink) 
solution of the chloride (st/mjrtifhetie ink ) are barely visible, 
but when the paper is warmed the salt is converted into the 
more intensely coloured (blue) anhydrous compound. 

On sodium hypochlorite, or bromine and sodium hydroxide, 
being added to a solution of a cobalt salt, cobaltic hydroxide, 
Co(OH) # .j, is precipitated as an almost black solid. This 
hydroxide, and the corresponding cobaltic oxide, Co 2 0 3 , are 
so feebly basic that they do not give rise to stable salts. 

Cobalt sulphide, CoR, closely resembles nickel sulphide. 

Although nickel and cohalt are so similar chemically in all their 
simple derivatives, cobalt forms a great, number of complex com¬ 
pounds, analogues of which are not obtainable from nickel. Some 
of these complex cobalt compounds are used in separating cobalt 
£rom nickel. 

Potassium cobalticyanide, K ; ,Oo(CN)„, a complex salt (p. 591) cor¬ 
responding with potassium ferricyanide (p. 705), is formed when a 
solution of a cobalt salt is warmed with excess of purtissium cyanide 
in the air. The cobaltous cyanide, Co(CN) 2 , first produced as a 
dirty-brown precipitate, combines with potassium cyanide, forming 
soluble potassium cobalton/anifc, 

Co(CN ) 2 + 4KCN = K 4 Co(ON) fl , 

* The ^principal ores of cobalt are cobalt glance , CoS As (or CoS^ CoAsg), 
and speiaxcoba.lt, CoA% 
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which then undergoes atmospheric oxidation, giving soluble 
potassium cobalticyanide , 

4K 4 Co(CN)„+O a + 2H 2 0=4K 3 Co(CN)„ + 4KOH. 

Potassium cobalticyanide is not acted on by a solution of sodium 
hypochlorite or hypobromite. 

Nicked salts behave like cobalt salts in so far that they give an 
insoluble cyanide, Ni(CN) 2 , which combines with potassium cyanide, 
yielding a soluble salt; but this soluble salt, N^CNjj, 2KCN, is 
not of the same type as potassium eobaltocyanide, and it does not 
change when its solution is heated in the air. The soluble nickel 
salt, moreover, is readily and completely oxidised by sodium hypo¬ 
chlorite or hypobromite, giving a precipitate of nic.kelic oxide; 
hence by these reactions nickel salts may be detected in presence 
of cobalt salts, and the two ‘metals’ may be separated. 

Potassium cobaltinitrite, K s Co(N() 2 ),., is obtained in a hydrated 
fori# as a yellow precipitate on a sol ution of a cobal t salt being treated 
with acetic acid and potassium nitrite ; nickel salts do not give a 
precipitate under these conditions, so that this reaction is also 
utilised in separating these two elements. 


Platinum and Allied Metals. 

The six metals which, together with iron, nickel, and cobalt, 
comprise Family VIII. of the periodic system (table* p. 720) 
are generally classed together as the platinum metals, not 
because they form a natural family, but for convenience, and 
because in some respects they are similar in their general 
behaviour. 

Family VIIT., in fact, is not comparable with any of the 
other families of the periodic system; it may be regarded 
rather as consisting of the following three sub-families, jn 
each of which the elements are related to one another in a 
manner recalling the relationship in other sub-families : • 

(a) Iron Nickel Cobalt 

(b) Ruthenium Rhodium Palladium 

( r ) Osmium Iridfum Platinum. 

Thus the members of the iron |ub-family resemble one 
another, and differ from those of the otli|ir two sub-families 
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in forming oxides of the type XU 3 ;* but at the same time 
it must be admitted that the family valencies are very 
irregular, and that in consequence the three sub-families 
are not very sharply defined. 

The platinum metals arc found alloyed together and with 
other metals in sandy deposits, especially in the Ural district? 
but also in (’alifornia and Australia. They are extracted 
by first ‘washing’ the sand, and then treating the residue 
with aqua regia, whereby most of the metals, but not osmium 
and iridium, are converted info soluble chlorides. The 
separation of the different elements from one another is a 
very troublesome process. 

Ruthenium, Ru, is a. steel-gray, brittle metal of sp. gr. 12*3, 
and melts at about J S00' 5 . It is only slowly attacked by 
aqua regia, but it combines readily with oxygen at a fed-heat, 
giving various oxides (RuO, Ru.,() ;{ , RuU 2 ), which are insoluble 
in acids. When fus«*d with potassium nitrate and potash 
it gives an unstable salt, K.,Ru< > 4 , derived from the oxide, 
Ru0 3 . Perhaps the most interesting ruthenium derivative 
is the ietroxitlr, RuO, (per-ruthenic anhydride), which is 
formed when potassium ruthenate, K 2 Ru() 4 , is oxidised with 
chlorine in aqueous solution. This tetroxidc sublimes, giving 
yellow crystals, when it is gently heated, but it decomposes at 
about 108°. When treated with potassium hydroxide solution 
it yields potassium ruthenate and potassium per-ruthenate, 
KRu0 4 , a black, crystalline compound. 

Ruthenium unites with chlorine, giving RuC 1 2 and RuCL. 
Derivatives of RuCl., are also known. 

1 Osmium, Os, is a gray metal of sp. gr. 22*5 (greater 
tlnpi that of any other substance), and melts at about 
2500°. It resembles ruthenium in chemical behaviour, and 
like that metal combines with oxygen at a red-heat. When 

* Potassium ferrate, K 2 Fo(> 4 , a # .lark-red, crystalline, unstable compound, 
i.° formed when iron powder is heated with potassium nitrate ; it is a salt 
of ferric acid, H 2 Fe0 4 , whiflh is derived from the anhydride, FeO a , hut the 
free aeirf and its anhydride are both unknown. 
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fused with potash and potassium nitrate it gives potassium 
osmatc, K 2 ()s 0 4 , a dark-violet crystalline salt of osmic 
acid. 

The most interesting and important derivative* of osmium 
is the tetroxide , ()s0 4 , corresponding with Ru0 4 . This 
compound is the anhydride of per-osmic acid , but is 
generally known as osmic acid. It is formed, and distils 
over, when osmium is heated in the air, and is also obtained 
»y oxidisyng tin? metal with chlorine water or with aqua regia. 
It forms colourless crystals, boils at about 100°, and has an 
irritating odour recalling that of chlorine. Its aqueous 
solution is used in staining biological specimens for micro¬ 
scope work, as the oxide is reduced by the organic matter, 
giving a deposit of osmium. 

Rhodium, Rh, and iridium, lr (sp. gr. 22-4), are not 
xidised when they are heated in the air; they are not 
acted on by aqua regia, but when they are alloyed with 
platinum they pass into solution. Iridium tetrachloride, 
IrCl 4 , resembles platinic chloride; hut rhodium forms a 
trichloride, IihCl 3 . Iridium-platinum alloys are harder than 
platinum, and bettor resist the action of acids; they are 
used in preference to, pure platinum for the manufacture 
of crucibles, &e. 

Palladium, Pd, is a silvery metal of sp. gr. 9T, and melts 
at about 1400°. It resembles platinum in many respects, hut 
differs from it in being attacked by hydrochloric, sulphuric, 
or nitric acid. It forms stable compounds such as the oxide, 
IMG, and the chloride, PdCl 2 , in which it is bivalent, and 
also compounds such as the tetrachloride, PdCl 4 , in which 
it is quadrivalent. m 

The most •interesting property of palladium is that it 
absorbs (or occludes) as much as about 650 times its own 
volume of hydrogen when it is heated in this gas at about 
95°, and about 370 times its ohm volume at ordinary tem¬ 
peratures. The whole of the hydr^jen is expelled again 
when the ‘alloy’ is heated at 100° m a jracuum, tftul it is 
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believed that the two elements do not combiue chemically, 
but form a solid solution (p. 323). 

Platinum, Pt, at. \vt. 195*2, has a silvery lustre and a 
sp. gr. 21*5, which is nearly as great as that of osmium anij 
that of iridium ; it molts in the oxy-hydrogen blowpipe flame 
(at about 1770°). It is not acted on by acids, but with aqutf 
regia it gives a yellow solution of platinic chloride. The 
hydroxides, sulphides, and cyanides of the alkali metals, 
many ordinary metals, and some non-metals attack*-platinum 
readily at high temperatures, converting it into compounds 
or into fusible alloys; for this reason such substances must 
not be heated in platinum vessels. It is also important to 
avoid the use of a luminous or smoky flame in heating 
platinum, as the metal unites with, or dissolves, carbon. , 

Platinic chloride, PtCl 4 , one of the better-known platinum 
compounds, is formed when the metal is treated with aqua 
regia; the product combines with hydrogen chloride, and on 
the solutiou being evaporated, brownish-red, hydrated crystals 
of chloroplatinic acid, H 2 PtCl ( ., are obtained. It is a solution 
of this compound, commonly called 1 platinic chloride,’ which 
is used in the laboratory in testing for potassium (p. 678) 
and for other purposes. The compound, PtCl 4 , the true 
platinic chloride, is obtained by heating the metal in chlorine 
at about 360°. 

Sodium platinichloride, Na 2 PtCl f) , is very readily soluble 
in water. 

‘ Spongy ’ platinum , or platinum sponge, is obtained by 
heating ammonium platinichloride (p. 678); ammonium 
chloride and chlorine volatilise, and metallic platinum remains 
in a very fine state of division. This form of the metal is 
much more active than compact platinum, and is an important 
catalytic agent; thus when a jet of hydrogen or of coal-gas 
is allowed to impinge on platinum sponge, combination with 
atmospheric oxygen takes pfacc so rapidly that in a moment 
the gas ignites. p 

Platinum hlac1c %\s nn even more finely divided form of the 
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metal which is obtained by treating a solution of ‘ platinic 
chloride ’ with zinc or other reducing agents. It is an active 
catalyst, and also shows to a much greater extent than com¬ 
pact platinum the property of occluding certain gases. The 
compact metal occludes both oxygen and hydrogen at ordinary 
temperatures, but only in small quantities, whereas platinum 
black occludes about 100 times its own volume of oxygen, 
and an even greater volume of hydrogen. 

Platinic chloride is decomposed by sodium hydroxide solu¬ 
tion, and on excess of acetic acid being added to the product, 
platinic hydroxide, Pt(OII) 4 , is obtained as a reddish-brown 
precipitate, which forms soluble salts with the alkali hydrox¬ 
ides. 

m Platinous chloride, PtCl 2 , is formed when platinic chloride 
is heated at 200°. When treated with excess of potassium 
cyanide it is converted into potassium platinocyanide, 
K 2 I J t(CX) 4 , and with barium cyanide it gives barium platino-* 
cyanide, I3aPt(CN) 4 ; the latter forms hydrated crystals, 
(4H 2 0), which are strongly fluorescent, and which are used in 
coating screens for X-ray work, because they render visible 
the Pbntgen rays. 


CHAPTER LXIII. 

The Classification of the Elements 
and the Periodic System. , 

In describing the more important elements, attention 
has been directed to the existence of certain relationships 
which render it possible to classify these elements into 
natural families, and in most cases the nature of this relation¬ 
ship has also been briefly discussed. It is now desirable to 
deal comprehensively with this subject, and to explain the 
system of classification which has been adopted. # 
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The first attempt to classify the elements r wus a very 
simple one; they were divided into melals and non-metals. 
At first this division was based entirely on a consideration of 
their physical properties (p. 35); later, elements were dis¬ 
covered which differed from the common metals in physical 
properties, but yet resembled the latter in chemical behffviour; 
it was then recognised that the chemical properties of an 
element must be taken into consideration if the division into 
metals and non-metals is to be maintained (pp. 253-255). 
At the present day the elements are still divided into these 
two groups. 

A metal forms at least one basic oxide; its corresponding 
chloride is not hydrolysed by water (p. 428); it displaces 
hydrogen from acids; it does not give volatile hydrides j^t 
is electropositive. *■ 

A non-metal forms only acidic oxides ; its chlorides are 
* hydrolysed by water; it does not displace, hydrogen from 
acids; it gives one or more volatile compounds with 
hydrogen ; it is electro-negative. 

On this basis it is possible to place nearly all the. elements 
in one or other of the two groups ; a few elements, however, 
notably arsenic and antimony, present some difficulties and 
£eeiu to belong almost equally to the metals and to the 
non-metals. 

Clearly this division of some 80 elements into two groups 
only, does not carry the matter very far, and the next note¬ 
worthy step in advance was the classification of a number 
of the elements into various small families, according to their 
chffrnical behaviour. Thus the three elements chlorine, 
bromine, and iodine were grouped together on account of 
their similarity in properties; so also were calcium* strontium, 
and barium ; iron, nickel, and cobalt; and so on. 

In 1827 Dobereiner drew attention to the fae,t that in 
many of these families of tlireS elements the atomic weights 
Lf the elements showed an interesting relationship; in some 
families the atomic \^eighf of the second member was, roughly, 
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the mean of Jhose of the other two, while in other families the 
atomic weights of the three elements were almost of the same 
magnitude. Such families, of which examples arts given 


below, were known as 

Ddberci tier’s 

triads: 

■ 


Chlorine. . 

36-5 

Calcium . . 

401 

Iron * . 

. 5f>-8 

Bromine. . 

79 9 

Strontium . 

87-6 

Nickel. 

. 58-7 

Iodine . . 

126-9 

Barium . . 

137-4 

Cohalt. 

. 59 0 

35-5+12C9 

= 81-2 

401 l 137'4 

= 88-8 



2 

■ 2 




This classification into a number of families, accompanied 
by a recognition of some relationship between the properties 
of an element and its atomic weight, was a groat advance ; but 
the scheme failed to embrace all tho known elements in a 
systematic manner. 

Aftout 1864 a very important discovery was made by New- 
lands—namely, that there is a relation between the properties 
of an element and its atomic weight of such a character that » 
when the elements are arranged in the order of their increasing 
atomic weights , elements haring simitar properties recar at 
fixed intervals. Taking the atomic weights accepted in those 
days, Newlands arranged some of the elements in the order 
of these magnitudes, and pointed out that the 8lfi element 
was similar to the 1st, the 9th to the 2nd, the 10th to # 
the 3rd, and so on. As this similarity recurred at every 
8th element, just as the 8th note in the musical scale is 
an octave to tho -1st, he supposed that the relationship 
accorded with some natural law, and termed his discovery 
‘ the law of octaves.* 

This discovery of Newlands was extended to all the 
elements and greatly developed in various directions by 
Mendeh$eff*and L. Meyer; the system thus devised, based, as 
was that of Newlands, on the atomic weights of the elements, 
is now k^own as the natural system , or, since the properties 
of an element are periodic functions of its atomic weight, the 
periodic system. * 

In order to explain this system, the ^symbols and atomic 
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weights (in whole numbers) of 24 of the elements are set 
out in the following horizontal rows: 

Ho Li Be B C N O F Ne Na Mg A1 

4 7 9* 11 12 14 16 19 20 23 24 27 » 

Si P S Cl Ar K Ca Sc Ti V Cr Mn 

28 31 32 35 38(?) 39 40 44 48 51 52 55 

Except that hydrogen (at. wt. -■= 1) is omitted, this list 
includes all the known elements with atomic weights less 
than 56, and the elements follow one another strictly in 
the order of their atomic weights. 

How a study of this very simple arrangement brings 
out the fact that although the properties of any two 
successive elements are generally very different, elqpirtits 
which are related to one another are met with at fixed 
l intervals or after fixed periods; thus the 1st element is 
similar to the 9tli* and the 17th, the 2nd to the 10th and 
18th, and so on. In fact the physical and chemical properties 
of the elements, and those of all their compounds, are periodic 
functions of the atomic weights. 

If, than, the horizontal rows given above are divided into 
the three periods (each containing 8 elements) of which 
* they consist, and these periods are placed vertically one 
below the other, elements in corresponding positions in these 
periods become grouped together in vertical series : 


He 

Li 

Be 

B 

C 

N 

0 

F 

Ne 

Na 

Mg 

A1 

Si 

P 

s 

Cl 

Ar 

K 

Ca 

Sc 

Ti 

V 

c 

Mn 


Tlfhs the three elements, helium, neon, and grgon, which 
are very closely related, form a natural family; similarly 
with lithium, sodium, and potassium ; with beryllium, mag¬ 
nesium, and calcium, and so» on. In order to obtain this 

* Not to the ‘octave,’ as Newlands's list., because «»f the discovery of 
other elements since Nfwlands’s time. 
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obviously satisfactory classification, hydrogen only, as already 
stated, is omitted. 

In the list of elements which follow manganese in the 
order of increasing atomic weights (which, except in the case 
of that of Ni, are given in whole numbers), the next eight 
would # he, 

Fe Ni Co Cu Zn Ga Ge As 

56 58-7 59 64 65 70 72 75 

But if this row were placed under the third period given 
above, iron would fall into the family of rare gases (Tie, Ne, 
Ar), nickel would be classed in the family of the alkali metals 
(Li, Na, K), and in fact all the eight elements in this row 
would fall into families with the members of which they 
have* absolutely no relationship. If, however, iron, nickel, 
and cobalt are. placed temporarily aside, and the period of 
7 elements, starting from copper (Cu), and consisting of 

Cu Zn Ga Ge As So Br, 

is placed under the third of the above periods in such a 
way that copper falls under potassium, haring a gap under 
argon , then the arrangement is much more satisfactory, and 
the elements following this period also fall into suitable 
positions. 

. These illustrations will suffice to show that the arrange¬ 
ment of the elements in the order of their increasing atomic 
weights leads to their classification into natural families, 
provided that certain elements arc temporarily excluded from 
the periods, and that certain gaps are left, where to do other¬ 
wise would obviously upset the whole system. 

If the classification be continued on tho lines indicated, 
the atomic weights being strictly adhered to for the order in 
which the elements are taken, all the elements* may he classed 
in such a way that their mutmfl relationships are exhibited. 

* 

* Some rare and little-known elements^have been left out of con¬ 
sideration. t 
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One arrangement of this kind is shown on tli$ chart facing 
the last page of the index. 

Helium (He) being taken as the starting-point, there first 
come the two periods, each consisting of 8 elements, which 
have already* been referred to; these periods arc placed 
centrally, and are called short periods; the elements of which 
they consist are sometimes called typical elements. 

The third (short) period of 8 elements is placed on the left 
of the chart, followed by Ye, Ni, Co, and the fourth (short) 
period (of 7 elements), commencing with copper, is placed 
on the right. The whole of this horizontal row, comprising 
one short period of 8 elements, Fe, Ei, Co, and one short 
period of 7 elements, or 18 elements in all, is termed a lony 
period. « 

A second long period of the same kind, beginning with Kr, 
then follows, but this period is incomplete; a blank or gap is 
' left under manganese (Mn), because if this were not done the 
obviously more suitable arrangement of all the succeeding 
elements would be disturbed. It may be stated at once that, 
for reasons given later, it is conceivable, or even probable, 
that this and other gaps may at some future time bo filled by 
elements which have, not yet been discovered. 

• A third long period begins with 2v, but is very fragmentary; 
a fourth is very incomplete, and a fifth contains only three 
(dements. It should Ik*, understood that although (omitting 
Yb) there would be room for all the (dements of the fourth 
long period in the third, the great difference between the 
atomic weight of (Je (110) and Ta (181), compared with the 
usfial difference (2—1 units) between any two successive 
atomig weights, seems to show that the arrangement given 
in the chart is to Ins preferred. 9 

When arranged in this way all the elements fail naturally 

into families.* Each of these families consists o£ all those 

• 

% The term ‘family’is used in preference to‘group’in order to avoid 
confusion with the ‘groups’ j^to which metals are classed in qualitative 
analysis. * 9 
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elements wfcich occupy corresponding positions in the short 
periods. Thus, all the short periods, each of which consists 
of eight elements, being taken, the first members arc He, 
He, Ar, Kr, X; these elements are closely related and form 
a natural family (Family 0). These live elements being taken 
away, till the short periods now consist of seven elements (unless 
the periods .are incomplete), and are comparable. If, then, the 
Jirst members of all the small periods of seven elements are 
classed •together, and similarly all the second members, and so 
on, seven more families are obtained. These families are 
numbered I. to VII. respectively; all the elements between 
the two vertical lines in the chart are classed together as 
Family VIII. 

# These eight families aro shown on p. 720, where the relative 
positions in the chart of the different members (and of the 
gaps) are also indicated. ^ 

Although all the elements forming any one of these families 
are related to one another, the relationship is of such a 
character that the family may sometimes be, divided into two 
sub-families. Thus of the eight elements in Family I., Li, 
Nil, K, Kb, Cs, are far more closely related to onp another 
than to Cu, Ag, An, and these three elements are more closely 
related among themselves than to Li, Na, K, Kb, Cs (the* 
alkalis). Similarly, Family 11. may be divided into the sub¬ 
families Ca, Sr, 11a (the alkali-earth metals), and Be, Mg, Zn, 
Cd, Hg ; but it is not very easy to decide whether Be and Mg 
should be classed with Ca, Sr, Ba, or with Zn, Cd, Hg, as they 
are almost equally related to both of these series. Famines 
III. and IV. present similar difficulties as regards division 
into sub-families; but in Families V., VI., and VII. the 
relationship*between the typical elements (p. 718), and those 
occupying corresponding positions on the right-hand side of 
the long periods (see chart), becomes closer and closer in passing 
from Family V. to Family VII. In Family VII., for example, 
F and Cl are very closely lelated t^ Br and I, hut are only 
very distantly related to Mn, and in Family VI., 0 *and S are 
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very much more closely related to Se and Te than to Cr and 
the elements below Cr. 

This division into sub-families is indicated in the table 
(p. 720) by printing the symbols of the elements of the 
sub-families in vertical lines. Thus Li and I\Ta are printed 
directly above K, Rb, Cs ; similarly, F and Cl arc printed 
vertically over JBr and I, and so on. 

In this volume (Part II.) the families have been taken in 
the orjJ.cr VII. to 0, and’ in every case the sub-families com¬ 
prising elements on the right-hand side have been taken 
before those comprising elements on the left-hand side of 
the chart; Family Y11I. has been taken last. 

If the nature of the relationship between the various mem¬ 
bers of a natural family be next considered, perhaps the most 
important fact is that all the members have the same valency. 
liofore discussing this matter, it must again be pointed out 
that the valency of an element may be variable, in which* 
case its valency towards hydrogen may be different from its 
valency towards oxygen; therefore, in speaking of valency, 
it is generally necessary to state to which of these standards 
the property is referred. 

Hydrogen being taken as the standard, or "where no 
hydrogen compound of the element is known, one of th<^ 
univalent halogens, the family valency gradually rises from 
0 (at Family 0) to a maximum of four, and then gradually 
falls to one, in passing from Family 0 to Family VII. Instead 
of the families as a whole, the elements of any short period 
may be considered, as each of these elements is typical 
of its own family. In the first small period, then, the 
molecular formulae of the hydrides or (where hydrides 
are unknown*) of the chlorides of these elements are as 
follows: 

LiCl • BeCl, BILj QH 4 NII 3 OH 2 FH. 

* . • 

* Although hydrides of lithium and of solium are known, they are not 

typical compounds, and therefore are not oonside^d here. 8 

Inom. 2 T 
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Similarly, the formulae of the hydrides (or chlorides) of the 
elements of the second short period are: 

NaCl MgCl 2 AIC1 3 SiH 4 PH 8 SH 2 C1H, 
so that the following connection holds: 

Family . . . . 0. T. II. III. IV. Y. VI. VII. * 

Valency towards II (or Cl) 012 3 432 1 

The valency towards a halogen is not always the .same as 
the valency towards hydrogen; thus in Families V. and VI. 
some of the elements arc quinquevalent and sexvalent 
respectively in their highest chlorides. 

As regards the family valency towards oxygen, there is the 
difficulty that most of the elements form several oxides, ^nd 
have several valencies towards this element, and therefore, in 
order that any comparison may he made, some particular 
class of oxide must he chosen. The study of this matter has 
shown that the relationships are most clearly brought out by 
considering the valency of the element in its highest salt¬ 
forming oxide, a salt-forming oxide being defined as either an 
anhydrido, or a basic oxide, from which corresponding salts 
are derived. Now tlio formula of the highest salt-forming 
^oxides of the elements of the lirst two short periods are ns 
follows: 

- Li 2 0 EeO B 2 0 8 C0 2 N 2 0 6 - 

- Na 2 0 MgO A1 2 O s Si0 2 P 2 0 5 S0 8 C1 2 0 7 . 


From these formulae it will be seen that there is a regular 
change in valency in passing from Family 0 to Family VII., 
and that this change is a continuous increase by one unit for 
everjffamily. 

That the valencies of the elements in these periods (and 
therefore in the families) rise continuously from 1 to 7 is 
more clearly expressed in the structural formulas of these 


►oxides; thus the oxides joi the elements of the second small 
period may be respectively represented by the formulas, 
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Na-0-Na > Mg=0 0 = Al-0-Al = 0 0 = Si = 0 

0 V - O - p/° °\s=o 0^Cl-0-CI=0. 

V) o/" \0 

This gradual change in valency is also well brought out by 
a study of the hydroxides of the elements. Taking those 
which correspond with the highest salt-forming oxides, the 
following series is obtained : 

Na(OH>Mg(OH) 2 Al(OII) 3 Si(OH) 4 l J (OH) 5 S(OH) 6 Cl(OII) 7 . 


Some of these hydroxides, it is true, are unknown in the free 
state, but of these some probably exist in aqueous solution, 
and the remainder are known in the form of their derivatives 
(pg. 469, 493, 574, 584). 

It Is thus clear that as regards valency the system of 
classification under discussion brings out the periodic varia¬ 
tion of this property; but the valency of most elements is 
so variable, so dependent on the standard by which it 
is measured, and also on the conditions under which it is 
determined, that the generalisations given above may not in 
all cases hold good. For this and other reasons the periodic 
system is not of great assistance to the student until his 
knowledge of chemistry is well advanced. 

The next point to be considered is that although the 
members of a natural family are similar in properties, all 
their properties and likewise those of their corresponding 
compounds vary in a regular manner with increasing atomic 
weight; this regularity is even more marked when the 
comparison is restricted to the members of a sub-family. 
Thus, taking the sub-family of the halogens, the regularities 
already poirfted out (pp. 423-428) are very clearly defined. 
Corresponding gradations are observed in other sub-families, 
no matter # what property is considered, and the relation 
between properties and atomic? weight is thus brought out 
in another way. ft 1 

As further instances of this gradual change in the properties 
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of the members of a sub-family, the following data may be 
given: 

The specific gravities and melting-points of the alkali metals 


(Sub-Family I.) are: 

. Li 

Na 

K 

iu> 

o» * 

Specific gravity at 15° . 0'53 

0-97 

0-87 

1*5 

1*9 

Melting-point . . . 185° 

97° 

60“ 

39° 

27° ' 

The specific gravities and the 

solubilities in 

water of the 


sulphates of the alkali earth metals are : 



0aSO 4 

SrS0 4 

Ba80 4 

Specific gravity * 

. 2-9 

3*7 

4‘5 

Parts of water required 

to dissolve 



one part of sulphate 

. 520 

6800 

400,000 


The heats of formation (p. 337) of the chlorides of some of 
the metals of Family Tl. are : v 

MrC1 2 ZijCI 2 <MC1 2 — ITpCl s I OaCIo SrCI 2 C BaCI 9 

Lavge calorics t 151 97 93 — 54 5 | 170 185 194 

In all these cases the gradation is clearly defined; but, as 
will be seen from the lirst example, there is sometimes a 
break in passing from the typical elements to those of the 
long periods. This is by no means uncommon (p. 649). 

A study of the chart facing the last page of the index brings 
out another very interesting result of flic classification of the ele¬ 
ments here shown—namely, that all the non-metals or electro¬ 
negative elements are grouped together in such a way that 
they may be fairly sharply divided from the metals. This'is 

indicated by the discontinuous line.in the chart. All 

the non-metals are situated on the right of, or above, this 
line; owing to the difliculty of deciding whether arsenic and 
antimony should be classed as metals or, as non-metals, the 
line # is duplicated as regards these elements. Not only are 
the metals thus grouped together, but all the more strongly 
electro-positive metals (the alkalis and the metals of the alkali- 
earths) are also brought into close proximity at ,the extreme 
left of the table; similarly, the magnetic elements (Fe, Ni, Cc), 

' * Varics/yith the crystalline form, 

f Compare footnote, p. 340, 
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the best tlire^ conductors of heat and electricity (Cu, Ag, An), 
and so on, are found to he neighbours in the system. 

The periodic system has proved to be of very great service 
in fixing the ratio between the equivalent and the atomic 
weight of ah element, and also for correcting or checking 
atomic* weights which might not he trustworthy. Thus the 
determination of the equivalent of beryllium gives E = 4*5, so 
that the atomic weight of the element is «E. From certain 
resemblances between beryllium and aluminium it was at first 
thought that the former, like the latter, must be a terva- 
lent element, in which case w = 3, and the atomic weight of 
beryllium would be 13*5. Iiut there was no plaee in the 
periodic system for an element of atomic weight 13*5 between 
cajbon (at. wt. 12) and nitrogen (at. wt. 14). On the other 
hand* there was a vacancy between lithium (at. wt. 7) and 
boron (at. wt. 11). it was concluded, for this reason alone, 
that beryllium must be a bivalent metal of atomic weight 9. * 
Subsequently the vapour density of beryllium chloride was 
determined, and it was found that the molecular formula of 
this chloride is BeCl. 2 ; this result proved that the element is 
bivalent, that its atomic weight is 9, and that the deduction 
based on the periodic system was a sound one. 

Similar arguments were applied in fixing the relation he> 
twcon the equivalent and the atomic weight in the cases of 
fndium, uranium, and Several other elements. 

As an instance of-the usefulness of the periodic system for 
the correction of atomic weights, the cases of osmium, iridium, 
and platinum (Family Y1TT.) may he mentioned. The earlier 
determinations ggve Pt =187*4, Ir=198, Os = 199*7; tmt 
when placed in the periodic system in this order platinum 
and osmium did not show relationships in conformity with 
the system. Hence now atomic weight determinations were 
.made, wtyh the result that the order became Os = 191, 
Ir=193, Pt = 195, an order wliich brought all the elements 
into more suitable positions. ^ 9 

At the present time there are two g elements *to which 
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positions strictly in accordance with tlicir atomic weights 
cannot be assigned. Tellurium and argon appear to* have 
atomic weights greater than those of iodine and potassium 
respectively, and therefore should follow and not (as printed} 
in the chart*) precede the elements last named. But if tel¬ 
lurium were put after iodine, and argon after potassium, • 
all these four elements would he pushed into families in 
which, obviously, they would be completely out of place. 
For these reasons many determinations of the* atomic 
weight of tellurium have been undertaken, but so far the 
value remains higher than that of iodine, and no satisfactory 
explanation of this anomaly has been advanced. The case 
of argon has not hecn so fully examined. 

Since all the properties of an element depend on (he 
magnitude of the atomic weight of the element, \vhich 
magnitude determines the position of the element in the 
periodic system, it follows that the properties of an element 
may be predicted from its atomic weight. Now in the 
chart* many gaps or vacant spaces have been left for reasons 
already stated, ami it has been mentioned that these gaps 
may be ultimately Idled by hitherto undiscovered elements. 
In 1871 there were several more gaps in the table than there 
^are at present, and in order to test the value of the * periodic 
law' Mendelceff predicted the properties of some of these 
unknown elements. One case showing the extraordinary 
accuracy of his predictions may he given. Just before arsenic 
(As, 75), in the place now filled by germanium (Ge, 72), there 
was then a gap. Mendeleeflf predicted that the element 
which should fill that gap (and which lie,called ekasilicon) 
would have an atomic weight of nearly 72; that it would 
form a higher oxide, X( ). 2 , and a lower oxide, XO; a liquid 
chloride, XC1 4 , which would boil at about 90° and have a 
3p. gr. about 1*9; the sp. gr. of X would be ahoqt 5*5, and, 
that of X0 2 about 4*7. * 

* lit 1886 the metal n^v called germanium was discovered 
by Winkler. Its atomic weight was found to be 72*3; it 
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forms an oxide, Ge0 2 , an oxide, GeO, and a liquid chloride 
wbioh boils at 86°, and has a sp. gr. 1 *89; the sp. gr. of Ge 
is 5 4 7, and that of Ge0 2 4*7. Theso and other properties 
of the element discovered by Winkler proved it to be 
MendeleoffV * cka-silicon,’ and the generalisation known as 
the periodic law was thus proved to be a most important 
advance in knowledge. 

• The Atomic Volume Curve. 

The regular and periodic change in the valencies of the 
elements as their atomic weights increase may be taken as an 
example of what is observed when any other property of the 
elements is studied. As a further instance, the specific 
{^hnjjties of the elements in the solid or liquid state may be 
considered.* The following data, relating to the elements 
of the first long period, clearly show that the specific gravity^ 
gradually rises from a minimum at the beginning of the long 
period to a maximum (at Cu), and then gradually falls to a 
minimum at the end of the long period: 


Ar 

K 

Ca 

Sc 

Ti 

V 

Cr 

Mn 

Fe 

— 

0-87 

1-6 

2-5 

3-6 

5-5 

6*7 

7$ 

7*8 

m 

Co 

Cu 

Zn 

Ga 

Ge 

As 

So 

Hr 

8-7 

8-6 

8-8 

71 

6*0 

5-5 

5-6 

4*8 

3*1 


Instead of the specific gravity (the relative weight of unit 
volume), the reciprocal of this value, or the specific volume 
(the relative volume occupied by unit weight), may be studied 
with, of course, similar result's; but the periodic variation is 
much more clearly brought out by considering the (relative) 
atomic vokumes of the elements. The atomic volume is the 

* It should be noted that the specific gravity depends not only on 
the temperature, hut may also vary very considerably with the mechanical 
treatment tuid method of preparation of the element; as the given values 
refer to different temperatures, and as the physical conditions of the 
elements may not be btrictly compar&blckslight irregularities are only^o 
be expeoted. * • 
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volume in c.c. occupied 1 >y the gram-atom of an element, 

At AVt * 

and At.Vol. = — : - 1 : the atomic volumes, therefore' re¬ 

ap. gr. 

present the relative volumes occupied by the atoms of the 
elements in the solid or liquid state. 

If, the atomic weights being taken as abscissae and the atomic 
volumes as ordinates, a curve is drawn in the usual manner, 
this curve (the atomic volume curve) brings out the periodic 
variation of the properties of the elements in a most striking 
way. 

The curve is given at the end of this volume, and its 
careful examination will prove a most interesting study. 
Among tlie many important relationships which are thus 
revealed the following may be particularly noted : 

Each of the first two U-shaped sections of the Qurta 
corresponds with one of the short periods, while each of 
the following sections corresponds with one of the long 
periods; the ‘missing’ portion of the curve following Ce 
may be continued in imagination to Ta in a form similar 
to the corresponding portion of the preceding complete 
section, and in like manner the ‘ missing ’ portion following 
Bi may be imagined as rapidly rising to a maximum before 
it falls again to Ra. 

• Elements which are closely related in properties occupy 
corresponding positions on the curve. Li, Ra, K, Tib, Cs,. 
all occupy the maxima. E, Cl, Br, I, all occupy ascending 
portions immediately before the maxima. The electro-positive 
elements (i.e. tlie metals) follow one another without a break 
frojp the maxima until some distance past tlie minima; the 
electro-negative elements (i.e. the non-mewils) follow one 
another on the rapidly ascending portions of tike sections. 
The chemical activity of an element is closely related to its 
atomic volume; those elements having large atomic volumes 
are, so far as comparisons can be made, more active than 
1(Jiorc having small atomic volumes. 

The periodic change if the properties of the elements as 
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the atomic weights increase is in many respects similar to 
the periodic change, with increasing molecular weight, in the 
properties of the compounds of various homologous series. 
Thus in the ease of the following substances—and the list 
could he greatly extended—similar properties recur at definite 
periods, and the whole arrangement recalls that of the periods 
of the elements: 

ch 4 ti-cho crr : ,-OH ircoon (ctt,)„o (OH :l ).,co 

Cyr 8 CII,CHO <yi B -OH CH 3 C00H (C b TT,) 2 <) (C 2 H r ,) 2 C<) 

It is conceivable, therefore, that the present elements, like 
the above compounds, are all composed of a relatively small 
number of different forms of matter, possibly even of one only. 

Snell a view was put forward as long ago as 1816 by Prout, 
who suggested that the elements might all he composed of 
hydrogen matter (1’rout’s hypothesis), in which case their 
atomic weights should all be simple multiples of that of 
hydrogen; but the actual values of the atomic weights of * 
many elements, some of which have been determined with 
great accuracy, do not admit of this possibility. 

Nevertheless it is still conceivable that all the elements 
may have originated from one form of matter, and the 
wonderful facts which have been brought to light by the 
discovery of the radio-active 1 elements ’ lend strong support, 
to such a conclusion. 


CHAPTER L X IV. 

•Radio-Activity. 

% In 1896* almost immediately after the discovery of the 
Rontgen- or X-rays, the study of certain fluorescent substances, 
more especially certain salts of uranium, led Becquerel to the 
detection of another kind of radiation.* He found that all 

* The important work of Crookes and others preceding this discovery 
cannot be described here. , * 
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uranium salts had a pronounced action on a photographic 
plate even when they were separated from this plate by thin 
sheets of metal. This property is known as radio-activity. 

The radioactive uranium salts hail further the remarkable 
property of enormously increasing the electrical conductivity 
of air, so that when they were brought into the vicinity of ■ 
a charged gold-leaf electroscope, the charge immediately 
escaped and the loaves fell together. 

Shortly after Becquerel’s discovery, Mme. Curie found that 
thorium compounds likewise possessed radio-activity. Further, 
that several ores of uranium, notably the pitch-blendes , wore 
far more radio-active than the most active uranium compound, 
or even than uranium itself. From this most important 
fact she concluded that radio-activity was not a property of 
uranium or of its salts, but of some new element whi<fn was 
contained in those substances as impurity. 

M. and Mme. Curie were then led to attempt the isolation 
of this unknown element from pitch-blende, a mineral which, 
in addition to oxides of uranium, contains barium, bismuth, 
and a large number of other elements (some twenty or more) 
in a combined form. By suitable processes, they obtained 
from this mineral a strongly radio-active preparation of a 
bismuth compound, which they called ‘radio-active bismuth,* 
and a strongly radio-active preparation of a barium compound, 
which they called ‘radio-active barium.' From the latter 
they ultimately isolated a salt of a new ‘ element,’ radium, 
and from the former, but not in a state of purity, a salt of a 
new 4 element,’ polonium. 

The quantity of radium obtained from, a rich sample of 
pitchblende is only about 1 part from 10 millions of the 
ore, and that of polonium about g of this amodnt. • 

Radium, Ra, at. wt. 226-4, has hitherto been isolated in 
the pure state only in the form of radium chloride, RaCl a , 
and the corresponding bromide , RaBr 2 . Only a few grams o? 
these salts have been p^pared up to the present time (1910), 
and their price is several thousand pounds sterling. 
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The ordinary chemical properties of radium (if the term 
ordinary can be used in relation to such an extraordinary 
sul>stance) resemble those of barium ; but in addition to these, 
radium, in the form of its salts , shows others of a most 
astonishing character. * 

It decomposes water and many other ‘stable* compounds, 
converts oxygen into ozone, colourless into rod phosphorus, and 
diamond into graphite. It colours glass or porcelain vessels 
in which it is contained, and in fact has an action of some 
kind on nearly ail substances, inanimate and animate. 

Its radio-activity (that is to say, its effect on a photographic 
plate) is more than a million times greater than that of any 
uranium compound. Its power of rendering the air a conductor 
(pr of ionisimj the air) is so intense that by this property 
10 ~f 2 gram of radium may be detected, a quantity far smaller 
than that which can be detected with the aid of the 
spectroscope in the case of any element (p. 686). % 

Further, a radium salt maintains itself continuously at a 
temperature a few degrees higher than that of its surround¬ 
ings —that is to say, it continuously generates heat; the 
quantity of heat which it gives out is actually about 118 
calories per hour per gram of radium. 

The examination of the rays emitted by radium has shows 
that these are of three kinds, which are distinguished as the 
a-, /?-, and y-rays respectively. They all have, but to different 
extents, the property of rendering luminous and fluorescent 
substances such as barium platinocyanide (p. 713), zinc 
sulphide, and willemite (zinc silicate).* They differ further 
not only in thein photographic and ionising effects, but also 
in penetrating power and in the nature and extent to which 
they undergo deviation from their course in a magnetic or 
electrostatic field. 

* This pyperty is beautifully shown in the spinthariscope, an inexpensive 
instrument devised by Crookes. ifte rays from an almost ineonoeivably 
small quantity of a radium salt fall on a queen of zino sulphide, which jp 
then seen to give brilliant momentary flakes of light as it is bombarded 
by the •-rays (helium particles). g * 
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The a-rays are most active in causing the ionisation of the 
air. Their photographic action is slight, and they have little 
penetrating power, being completely stopped even by thin 
layers of solids, such as a sheet of paper, as well as by 
liquids and by»thicker layers (1 inch) of air. They arc only 
slightly deflected in a magnetic field, and from thefr be¬ 
haviour it is concluded that they consist of positively charged 
particles. 

The (3-rays affect a photographic plate very strongly. • They 
have a 100 times greater penetrating power than the a-rays, 
and can pass through thin plates of certain metals. They 
are deflected in a magnetic field to an extent about 1000 
times greater than are the a-rays, and in an opposite direc¬ 
tion. From their behaviour it is concluded that they consist 
of negatively charged particles (negative electrons) wlitch, 
according to .T. J. Thomson, have a mass only -^go of that 
t)f an atom of hydrogen. 

The y-rays are photographically active, and resemble 
the X-rays. They have a penetrating power 100 times 
greater than that of the [3-rays, and are not completely 
absorbed even by thick sheets of metals—as, for example, by 
a leaden plate 7 cm. in thickness. 

. Radium compounds continuously evolve a radio-active gas 
which is called the radium emanation. This emanation is 
produced in quantities so minute that only about 0*6 cubic ' 
millimetre (at X.T. 1\) can he obtained from 1 grain of radium, 
and yet it has been found possible to liquefy the gas 
(Rutherford and Soddy), and to determine its boiling-point, 
freefing-point, and many other physical properties. 

When the radium emanation is first produced it loses 
energy in the form of heat at a greater rate even than does 
an equal weight of radium; it is also highly radio-active, 
but emits a-rays only. After some time it begins to give 
fi- and y-rays; but the emanation is unstable, and in the 
course of four days its ^.tivity is reduced to one-half its 
original vultie, while ft tlie end of a month its radio-active 
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properties ® have practically disappeared. The gas which 
then remains contains helium. 

The formation of helium from radium is a fact of profound 
importance, from which it must bo concluded that certain 
forms of matter—whether they should be called elements or 
not is merely a question of definition—are capable of under- 
ping spontaneous'‘decomposition,’ although in other respects 
they may be regarded as .elements; the behaviour of radium, 
and the further facts mentioned below, seem therefore to 
afford strong grounds for believing that even the ordinary 
elements may possibly bo transformed one into another. 

This startling inference is already supported by various 
facts. Uranium, which heretofore was regarded as an ordinary 
element, is capable of undergoing ‘decomposition.’ Salts of 
ursfnium which have been freed from radium do not exhibit 
radio-activity; when, however, they have been kept for some 
time they again become radio-active owing to the presence <Tf 
radium. Uranium, therefore, gives rise to radium, and the 
latter then undergoes change, giving an emanation which 
contains, and gradually passes into, helium. 

These remarkable transformations are by no^ means the 
only ones which occur. From the results of experiments, 
which cannot be described here, it is concluded that varies 
unstable substances are produced successively, not only in 
the formation of radium from uranium, but also in the decay 
or ‘decomposition’ 'of the radium emanation. 

Thus the transformation of uranium into radium is 
supposed to occur as follows : 

Uranium -> Uranium X -> Ionium Radium; 

but in the disintegration of radium the number of inter- 
mediate products, of which polonium (p. 730) is one, is 
believed to be much greater; this is expressed in the follow¬ 
ing scheme, in which the simultaneous production of helium 
(a-rays) is indicated by (a): 

Radium (a) ->■ Emanation (a) ftndium A (a) B C (a]f-> 

D->E^FCa)->| 
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Radium F is polonium, and polonium itself undergoes further 
change, giving helium and unknown products. 

According to Rutherford, a radio-active substance is one 
which undergoes spontaneous disintegration with liberation 
of energy. This disintegration cannot be hastened or re¬ 
tarded by any known means; it leads to the productibn of 
an unstable substance, which in its turn breaks down into 
another, and so on, until finally a radio-t reactive and stable 
element is formed. • 

Each of these intermediate products disintegrates at a fixed 
rate, but the rate of change varies enormously with the 
different substances; thus, whereas it is calculated that the 
average life of radium is 2500 years, that of radium A (see 
above) is only about 4 minutes, and that of the emanating 
about 5 days. • 

Two ‘elements’ in addition to uranium, namely, thorium 
find actinium,* give rise to radio-active substances, and, 
broadly speaking, the phenomena observed in the case of 
these elements are analogous to those briefly described in the 
case of uranium. Tt may be noted that uranium, and next 
to it thorium, is the element of highest atomic weight. 


Found by Debiemc in pitch-blende. 
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